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ABSTRACT
The extensive shift from open land farming to forestry in 
Northwest Louisiana has resulted  in abundant supplies of pine pulp­
wood. An expanded pulpwood market would increase returns to wood- 
growers and strengthen the economy of the region.
The purpose of th is study w as to explore se lec ted  economic and 
physical factors that are among the most important in  influencing the 
location of additional sulfate pulp processing fac ilities  in Northwest 
Louisiana. The factors considered were (1) supply of pine pulpwood, 
(2) w aste d isposal, (3) process w ater, (4) assem bly of raw m aterials, 
(5) transportation availab ility  and c o s ts , (6) sources of power and 
(7). labor availab ility .
The analysis was based on data collected  from secondary 
sources and numerous public and private ag en cies.
This study revealed that in the 5 .2 million acres of Northwest 
Louisiana's commercial fo rest, annual softwood growth exceeded 
annual harvest by approximately 1,621,600 thousand cords. This is  
enough wood to supply 2,400 tons of additional daily capacity . Also 
in  th is area 243 thousand acres of pine plantations have been planted 
since 1946. Coarse softwood residues are an important part of the 
pulpwood supply and in 1962 amounted to 193,242 cord equivalents 
of which 88 percent were being used by existing m ills. The excess
xi
supply situation is reflected by lower pine pulpwood prices in 
Louisiana than in other southern s ta te s . In Northwest Louisiana 
pine pulpwood prices were v a riab le , ranging from an average of 
$4.57 per cord in the north to $4.02 per cord in the southern part 
of the region.
Analysis showed that ex isting  processing firms do not control 
forest acreages large enough to  significantly  restric t the pulpwood 
supply available for new industry . Approximately 4 .5  million acres 
of the a rea 's  forests could furnish wood for the open market.
W ithin the area the Red River provides the most feasib le  means 
for disposing of pulpwood w as te . In the vicinity  of the river adequate 
quantities of high quality process w ater are present in large man- 
made lakes in two general a re a s . This study showed that transporta­
tion , power and labor requirements could also  be readily met in these 
a re a s .
Based on the findings of th is study the two areas considered to 
be most feasib le  for the location of su lfate pulp processing fac ilitie s , 
with 24-hour capacities of 500 tons fu ll-b leach  or 850 tons of 
unbleached each , are near the towns of C larence, Louisiana and East 
Point, Louisiana. The differences betw een the two areas , shown by 
th is  study, are a slight chem ical transportation advantage and 
stumpage price advantage in favor of the C larence location . The
x ii
slight advantages exhibited by the Clarence location could easily  be 
overshadowed by factors outside the scope of th is study. From a 
practical point of view there appears little  reason for attributing 




Statement of the Problem
Since World War II the change from open land farming to  le s s  
in tensive land uses has been virtually complete in the upland regions 
of Northwest Louisiana. Today by far the largest single land use in 
th is area is  for forestry. The shift from open land farming to forestry 
has been so rapid and complete tha t existing markets for certain  forest­
land products have become saturated due to abundant supplies of wood. 
This is  particularly true of the pine pulpwood m arket. This is  shown by 
relatively  low pulpwood prices and by the fact that pulp mills purchas­
ing pulpwood in th is area sometimes issu e  marketing quotas to pulpwood 
producers who in turn can only purchase specified quantities of wood 
from the wood growers.'1' The practice of alloting quotas by wood 
processing firms indicates that pulpwood growers would like to se ll
greater quantities of pulpwood than is  possib le under present conditions.
)
The nature of timber production is  such that periodic harvesting 
is  often necessary  for maximum returns. Plantations cannot econom­
ically  be thinned or harvested if there is  no availab le market for
'>  .
^Tor purposes of th is  study a pulpwood producer is  defined as 
an individual or company involved in the harvesting of pulpwood.
pulpwood. If these  stands are neither thinned nor harvested at the 
proper time returns can be substan tia lly  retarded. Even when pulp­
wood is  not to be the form of timber marketed, pine stands should be 
periodically thinned for some other uses especially  the production of 
saw logs. At the stage when the trees compete to such an extent that 
the sunlight and so il moisture available to  the trees  becomes severely 
lim ited, growth is often significantly reduced. Although natural 
thinning can produce high quality tim ber, th is  type of thinning resu lts 
in  a substan tia l economic lo s s , not only because thinnings are not 
marketed but because recovery of the investm ent is  delayed. For 
these  reasons an adequate pulpwood market must be available if returns 
to land and other resources already allocated  to timber production are to 
be maximized.
A logical solution to the problems thus generated is  additional 
pulp processing fac ilities  to use the oversupply of pulpwood. This 
solution appears particularly attractive to  wood growers since the 
pulp and paper industry is  growing. During the past 10 years, pulp­
wood consumption in the U . S .  has increased  at an annual average
O
rate of 5 .2  percent or about 1.9 million cords per y ea r. Some 1980 
projections for consumption of pulpwood by U. S . mills are as high
2Dwight Hair and Alice H. U lrich, The Demand and Price 
S ituation for Forest Products -  1964 (Washington: U . S .  Department 
of A griculture, M iscellaneous Publication N o. 783, 1965), p . 11.
as 78.5 million cords as compared to  the 1963 consumption of about 
46 million c o rd s .3 All evidence points to a steady increase in the 
demand for pulp and paper products which w ill require a steady increase 
in pulp processing capacity .
In recent years the most significant increase in pulping capacity 
has occurred in the South and it is  expected that th is  expansion w ill 
continue. Also, it is expected that by 1975 nearly 63 percent of the
4
to ta l pulpwood production of the United S tates w ill be in the South. 
Based on the prediction above it is  highly probable that pulp processing 
firms w ill continue to seek favorable southern locations in order to 
utilize the abundant supplies of pulpwood produced by the rapid grow­
ing species in the South.
The problem in Northwest Louisiana is  much broader than low 
returns to owners of forest land . The upland areas of th is region are 
at a disadvantage to most other areas at present in agricultural produc­
tion , and alternative land uses are lim ited. The forest industry is  
basic  to the economy of the area and p o ssib ilities  for economic 
growth based on location of other industry appear limited under 
current conditions. For these  reasons a healthy and growing timber 
industry offers the g reatest potential for future economic development
3Ib ld . , p . 11.
^A. S. Panshin, e t . a l . ,  Forest P roducts, Their Sources. 
Production, and U tilization (New York: M cGraw-Hill Book Company, 
I n c . , 1962), pp. 11, 12.
in the region when compared with other possib le a lte rn a tiv es . Location 
of additional pulp processing fac ilities  would do much to develop the 
market for pine roundwood which would in turn encourage improved s ilv i­
cultural practices and increase returns to  resources allocated to  timber 
production. Pulp processing fac ilitie s  would also  provide additional 
employment, both w ithin the plant(s) and in the service industries 
supporting the fac ility . Since most of the communities in the region 
are relatively  sm all, increased  payrolls and economic activ ity  that 
would be generated by a pulp mill would have a substan tia l impact on 
the economy of the c itie s  and towns near the pulping fac ility .
Purpose of the Study
The primary purpose of th is  study was to evaluate Northwest 
Louisiana with respect to se lec ted  economic and physical factors 
considered to be among the most important in influencing the location 
of additional pulp processing fac ilitie s  in the a rea . '
The factors se lec ted  for consideration are:
1. The availab ility  of an adequate supply of pine pulpwood;
2. The means availab le  for the d isposal of the waste effluent 
produced by a pulp mill;
3. The availab ility  of process water;
4 . The cost of assem bling raw m aterials (in addition to pulpwood) 
required for the manufacture of sulfate pulp;
5 . The availability  of transportation;
6 . The availability  of adequate sources of power; and
7. The availability  of labor.
These factors were selected  because information concerning 
them is  necessary  to supplement information already available to poten­
tia l pulp processing firms to enable them to  make accurate location 
d e c is io n s . Individual firms would be able to  evaluate such information 
in light of the markets for their individual p roducts. Since the founding 
and development of a pulp processing plant requires large amounts of 
cap ital it is  doubtful that any firm would consider construction of a 
pulp mill w ithout having first estab lished  a market for its  output.
Paper and paper products are used throughout the U . S . as w ell as 
abroad. For th is  reason the market that a new mill would serve could 
only be located after the individual firm 'had been iden tified . This 
study is  not designed to serve the needs of any one particular firm.
It is  assumed tha t w ithin Northwest L ouisiana, market considerations 
w ill be overshadowed by the physical and economic factors that 
influence the location decision .
The specific objectives of th is  study are:
1. To estim ate supplies of pulpwood availab le  to new pulp 
processing industry w ithin the study area;
2. To determine the extent that ex isting  pulpwood producing 
lands are controlled by the pulpwood processing industry;
3. To delineate locations in  Northwest Louisiana with adequate 
(a) wood supp lies, (b) w aste  d isposal fa c i l i t ie s , (c) process 
w ater, (d) available power, and (e) transportation fac ilities  
to support pulp processing fac ilitie s ; and
4. To prqvide information tha t w ill enable in terested  firms to 
make informed economic decisions with regard to  locations 
which meet the above requirem ents.
In order to guide the research , two hypotheses were formulated:
1. There is  a supply of availab le  pulpwood large enough to 
support 500 tons of additional su lfate pulp processing 
capacity in Northwest Louisiana.
2 . There are locations w ithin the study area that sa tisfy  the 
physical requirements for an additional 500 tons or more of 
dally sulfate pulping capac ity .
I
Study Area
The area selected  for study included 13 Northwest Louisiana 
Parishes as shown in Figure 1. The uplands of th is  region are covered 
extensively by pine fo rest. The Red River b ise c ts  the a rea . It enters 
the northwest corner and flows generally  in  a southeasterly  direction 
and is  bounded by a narrow strip  of fertile  flood p la in . Scattered 
throughout the region are several re la tively  large man-made lakes used 
primarily for recreational p u rposes.
7F igu re 1 . The Area, o f  study
Shreveport is  the largest city in the area , having a population of 
about 164 thousand. Remaining urban centers are rela tively  sm all and 
sca tte red . The population of the 13 parish area is  about 524 thousand. 
Generally the upland regions are sparsely populated and decreasing in 
population.
The economy of Northwest Louisiana is  based  primarily on 
agriculture in  the bottom lands, timber in the upland a rea s , and oil and 
gas scattered  throughout. This area was se lec ted  for study because 
the presence of abundant supplies of pulpwood indicate tha t the existing 
markets are inadequate. Establishing additional processing fac ilitie s  
would provide additional markets for pulpwood. In addition it would 
provide employment and stim ulate the economy in the immediate area 
of the fac ility  as w ell as lead to  improved timberiand management by 
forest landow ners.
.
Research Method and Sources of Data
To estim ate existing supplies of softwood pulpwood forest survey 
data published by the Southern Forest Experiment S tation were used . 
Data from th is  source concerning the volume of growing stock and 
sawtimber were extracted for the years 1954 and 1964. To obtain an 
estim ate of the wood not being used at present the average annual 
increase  between the two surveys w as computed. The average annual 
inc rease  is  an approximation of softwood that may be availab le  for 
expansions of wood-using industry in the study a re a .
To estim ate pine plantation acreages for the period 1'946-19'64# 
for the study a rea , data were obtained from the  Louisiana Forestry
C
Commission then summarized and presented in  tabular form.
The estim ates of wood residue availab ility  w ere made based on 
data published by the Louisiana Forestry Commission and the U . S .  
Forestry Service. Pulpwood price data were obtained from the 
Louisiana Department of Agriculture and Immigration S tate Market 
Com m ission, tabulated and summarised for the  period 1960-1965 in 
an effort to  determine existing pulpwood prices in the  study area .
To determine existing land control p a tte rn s , land control maps 
were obtained from the Louisiana Forestry Commission for all parishes 
w ithin the study area . Acreages were categorized by type of industry 
or individual exercising control over the  land in an effort to determine 
pulpwood sources that are uncontrolled by existing pulp processing 
firm s.
Stream flow records, published by the United S tates Department 
of the Interior, Geological Survey, were analyzed in  an effort to deter­
mine if  there are streams within the study area with characte ristics 
su itab le  for sufficient dilution of pulp mill waste effluen t. Additional
^Pine plantations are included in  the acreages d iscu ssed  in the 
sec tion  showing the development of the estim ates of the excess of 
growth over c u t, therefore, they can not be directly  added to growth 
e s tim a te s . However, information on pine p lan tations are important 
due to the fact that the increased yields from th ese  stands along with 
harvesting econom ies, often associa ted  with pine p lan ta tio n s, make 
them a more desirable source of pulpwood.
10
data relevant to the w aste assim ilation  capacity  of the Red River were
 ^ C
assem bled'and are presented in th is  study. Hypothetical w aste d is ­
posal data for se lec ted  mill locations were prepared and presented to 
the executive secretary of the Louisiana Stream Control Commission for 
his evaluation. The Louisiana Stream Control Commission is charged 
with the responsibility  of supervising the discharge of industrial 
effluents into s ta te  streams; therefore, the findings of th is body are a 
very important factor influencing pulp mill locations in Louisiana.
Process w ater availability  w as also  trea ted  in th is study.^  The 
study of process water availab ility  w as narrowed to those locations 
which adequately meet effluent d isposal c rite ria . For areas surround­
ing these  locations U . S .  G eological survey data were used to deter­
mine the quantity and quality  of process w ater that might be available 
at the various locations. Information concerning the effect of w ith­
drawing water from two large man-made lakes were obtained from the 
Louisiana Department of Public W orks. The information obtained from 
the various sources was then combined, analyzed and compared with
^For purposes of th is  study w aste assim ilation  capacity is  
defined as the ability  of a stream  to receive and remove the effluent 
produced by a sulfate pulp m ill. See Chater IV for a d iscussion  
relevant to the w aste assim ila tion  capability  of the streams in  the 
study area.
'For purposes of th is  study process w ater is  defined as water 
which is  used in  the actual production of pulp. It is  not to be con­
fused with the w ater used to dilute the w aste  m aterial coming from a 
pulp mill.
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regard to the process water requirement of a large pulp processing 
facility  (a 500 ton 24 hour capacity) at two alternative locations.
D escriptive data of the study area highways were obtained from 
the Louisiana Department of H ighw ays. These data were used to deter­
mine the availability  of an adequate road system  and to determine 
minimum distances from centralized  locations in  each parish to 
se lected  lo ca tio n s. Hauling cost were then computed in an effort to 
estim ate the cost of assem bling pine roundwood from the various 
parishes by truck. Truck hauling co s ts  are  compared with rail hauling 
costs for assembling pulpwood from the same origins at the same 
destinations, using ra il ra tes quoted by rate agents of the Kansas 
City Southern Railroad.
Since substan tia l amounts of chem icals are used in the manu­
facture of pulp, estim ates of transportation  co s ts  were obtained for 
rail shipments from se lec ted  origins to alternative mill locations for 
the major chem icals used.. For purposes of th is  study it is  assumed 
that the purchase price for any given chem ical w ill be approximately • 
the same regardless of the origin and tha t price differentials result from 
transportation c o s ts . Transportation costs  are based on rates quoted 
by the Kansas City Southern Railroad Rate Agent in New O rleans, 
Louisiana.
The presence of pulp processing firms in  the area indicate that 
chem icals as w ell a s  other raw m aterials can be assem bled for
12
profitable pulp production. Therefore, th ese  chemical transportation 
cost estim ates are made primarily to determine if there is  a transporta­
tion advantage for assem bling chem icals at either of the alternative 
mill s i t e s .
Natural gas availability  w as determined on the basis  of o il and 
gas maps published by the Louisiana Department of Conservation. 
Information on natural gas rates w as obtained from secondary published 
material and interview s with represen tatives of the Louisiana Public 
Service Commission. Information on e lec trica l power availability  w as 
also  procured primarily from the Office of the Public Service Commission 
and information published by the Department of Commerce and Industry.
Information concerning labor employed by existing pulp and paper 
industry was obtained from the Research and Analysis U n it, Louisiana 
Division of Employment Security . Data on th is  factor is  included in 
order to obtain an estim ate of labor costs  and the presence of trained 
personnel in North Louisiana.
After the se lec ted  factors which affect pulp mill location were 
treated separate ly , two potential locations in the study area meeting 
the necessary criteria  were compared w ith respect to th e  se lected  
facto rs. Also, conclusions and inference^ are drawn from the data 




This study is  designed to consider selected factors most relevant 
to  the location of a su lfate pulp processing facility in Northwest 
Louisiana o The study is  lim ited to the consideration of a sulfate 
or kraft pulping fac ility  because the sulfate process is  especially  
adapted to pulping resinous woods and because th is  type of production 
has accounted for the large expansion of pulping capacity  in the South 
in recent y e a rs . Pulp mills are supply oriented plants because of the  
lim ited d istances tha t pulpwood and other raw materials can be moved 
before transportation co sts  become prohibitive. Theoretically, specific  
location decisions are made with respect both to the source of raw 
m aterials and the market for the finished product. However, tran s­
portation co s ts  of raw m aterials and the fact that the market for paper 
products is  scattered  has resu lted  in making the pulp and paper indus­
try a supply oriented industry . For purposes of this study it is  assum ed 
that new pulp processing plants w ill be supply oriented and th e  market 
for the final product is  not considered in the selection of mill locations 
w ithin the study a re a .
Although information is  presented which permits some comparison 
betw een the study area and other regions it is  not the primary objective 
of th is  study to make an interregional comparison with respect to  pulp 
mill location . The study is  designed to  explore physical and economic
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factors which are important in the pulp processing plant location d ec i­
sion and to  determine locations within the study area which meet 
these se lec ted  physical and economic crite ria .
In stitu tional factors such as s ta tu te s , consideration of ta x e s , 
political clim ate and public attitude toward industry were not con­
sidered. These factors were excluded because in stitu tional factors 
can change rap id ly , and are often difficult if not im possible to 
m easure.
In addition, firms seeking new plant locations have availab le  to 
them authoritative sources of information relative to the consideration 
of in stitu tiona l factors such as taxation, and other legal considera* 
t io n s . Thus in stitu tiona l considerations are not included in  th is  
study .
It must be assum ed that in terested firms would have accurate 
information on th e  market for their' product, the technology and cost 
of p rocessing , economies of sc&le in pulp production, and other infor­
mation whidh is  unique to their individual firm. For th is  reason 
information is  p resented  dn selected  factors influencing the  location 
of su lfa te  pulp processing fac ilities  for a defined geographic area in 
order to ca ll the  attention  of ih terested firms to  the dhdracteristics of
iI
the study area so that they can evaluate them w ithin the framework of
their individual s itu a tio n s .
Specific locations were not designated and the se lec tion  of 
potential mill s i te s  w as restric ted  to general areas which meet the
15
selected  requirem ents. For th is  reason in te rested  firms would have to 
investigate the selected  areas to  find exact locations suited  to their 
unique n eed s. Normally, firfnfc do investiga te  alternative mill s ite s  
thoroughly before the final location decision  is  made. This study is 
designed to  furnish in terested  firms with information which w ill fa c ili­
ta te  the ir investigations and i t  is  not designed to replace these  
in v estig a tio n s.
The remainder of th is  presentation  is  composed of six  sec tions. 
Chapter II is  a  d iscussion  o f the theore tica l and analy tical framework 
that guided th e  development of th is  s tu d y . Following th is  is  an 
analysis of the availability  of pulpwood su p p lie s . In section  IV the 
problem of kraft pulp mill w aste  d isposal is  treated.®  Chapter V is  
concerned with the availability  of an adequate supply of process w ater 
w ithin the study area . The following sec tion  is  a d iscussion  on 
transporta tion .availab ility , the assem bly of raw m ateria ls, power and 
labor ava ilab ility . The final chapter includes a summary of the study 
and the im plications of the findings on the location of additional 
sulfate kraft pulping fac ilities  in  Northwest Louisiana.
®Kraft pulp resu lts from the su lfate  process and is  used for the 
manufacture of high strength paper.
CHAPTER II
THEORETICAL AND ANALYTICAL FRAMEWORK
The selection  of a suitable location for a processing facility  is  
a primary factor influencing the su ccess  or failure of a firm es tab lish ­
ing a p lan t. Plant location is  not only important from the standpoint of 
the b u sin ess , but it is  important to  society  as w ell, since a properly 
located plant helps to avoid unnecessary  w aste  of resources and enables 
a society to receive the most benefit from its  lim ited re so u rces . Proper 
plant location is  more important today than every before because of 
the increased  demand placed upon lim ited reso u rces . Our increasing 
population is  demanding ever in c reas in g  quantities of products of all 
kinds, thus using ever greater quan tities of resou rces. G enerally, the 
increasing scarcity  of resources and subsequent competition from them
I
drive their prices upward and as p rices in c rease , normally, the more 
important the plant location decision  becom es. In the  past such 
influences as trad ition , personal preference and unawareness of alterna­
tive opportunities often influenced plant location dec isio n s . This was 
true because our nation in the past had an abundance of resources 
and the conservation of most natural resources was of little  concern.
This is  a luxury that increasing population p ressures no longer allow . 
Today in w ell developed in d u strie s , such as the pulp and paper 
industry , firms expend extensive efforts to  determine the locations
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that bes t suit their individual requirements because they are aware of 
the economies occurring from a properly located processing fac ility .
The Development of the Theory of 
Industrial Plant Location
Through the years several attem pts have been made to  explain 
industrial location patterns that have been observed . This section  is  
a review of se lec ted  works that develop theoretical explanations of 
observed phenomena along with some efforts tha t try to combine indus­
tria l location theory with the general body of economic theory.
One of the ea rlies t attem pts to construct a general theory con­
cerning the location of industria l processing fac ilities  is  credited  to  
Alfred W eb er.1 W eber assum es an even plain and equal transportation 
rates throughout. He does not assum e one consuming center but many 
of them scattered  over the p la in . He also ,assum es equal co s ts  of raw 
m aterials at all d e p o s its , with an uneven distribution of such d ep o s its .. 
He believed that the most significant factor influencing location w as 
the cost of transportation . In his theory he develops the concept of 
a ratio termed "the material index" which is  a ratio between the weight 
of the raw m aterials to bd localized  and the weight of the final product. 
He concluded that w ith constant labor c o s ts , industries using
1 Alfred W eber, Theory of the  Location of Industry, transla ted  
by C . Friedrick (Chicago; U niversity of Chicago P re ss , 1929).
m aterials w ith high localization weights are located toward the source 
of raw m aterial and those with lower localization  w eight are attracted  
toward the m arket. Based on th is , he argued tha t the optimum industry 
location would be at the point where the combined cost of the assem bly 
of the raw m aterial and distribution of product would be at a minimum.
Edgar Hoover separates the cost factors of location into tra n s-
2portation factors and production fac to rs . The co sts  of procuring raw 
m aterial and distributing the finished product are considered as tran s­
portation co s ts  w hile agglomerative forces and institu tional cost factors 
are trea ted  as partia l determinant of production co sts  . Hoover empha-' 
s izes  tha t the cost of transfer does not increase proportionally with 
d is tan ce , but increases in transit cost are le ss  than proportional as 
d istance in c re a se s . By recognizing heavy term inal co sts  effects on 
freight c o s ts , he determines that freight ra tes are not entirely  a func­
tion of d is tan ce . Terminal expenses are fixed cost and independent of : 
the length of hau l. The higher the term inal costs of a transport agency, 
the greater is  the economy in long-haul shipm ents; therefore, water 
transport a ttrac ts  firms which se ll to d istan t and scattered  m arkets. 
Using th is  line  of reasoning, Hoover suggests tha t railroads are 
used for longer hauls than trucks because trucks have the low est 
term inal co s ts  and the highest line haul c o s t.
2 Edgar M. Hoover, The Location of Economic Activity (New 
York: M cGraw-Hill Book Company, 1948).
A d iscussion  of the works of Andreas PredcJhl by W alter Isard 
shows how Predfihl developed an approach which u tilized  a theory 
by means of which a general equilibrium approach could be system at- 
ically  applied to location an a ly sis . He attem pted to deduce a general 
location theory as a special case  of existing economic theo ry . The 
theory to which he referred was that of interdependent prices and 
quantities as expounded successively  by W alras, Parito , and C a sse l. 
According to Pred8hl the problem of the local distribution of economic 
activ ity  is  synonymous with the problem of d istribution of the  factors 
of production. Preddhl starts with the iso la ted  sta te  and assum es that 
a ll locations are fixed except that of one en terp rise . If th is  enterprise 
sh ifts towaijd the periphery it  implies that cap ita l and labor outlays 
(including transport outlays) are substituted for land use o u tla y s .
The reverse talqes place if the movement is  toward the central consump­
tion point. The! use of the principle of substitu tion w ill y ie ld  the point 
of minimum e d i t .  However, within the two a ll-in c lu s iv e  groups of 
labor and cap ita l there are Other substitution po in ts . For exam ple, 
there is  a substitu tion point between transport outlays and local 
cap ita l and labor o u tlay s . A lso, within the category of transport 
outlay there can be a substitution point involving allocation  between
3W alter Isa rd , Location and Space Economy (New York: The 
Technology Press of M assachusetts , Institu te  of Technology and 
John W iley and Sons, In c . ,  1956), pp. 31-36.
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transporting a raw material lying at the periphery and transporting a 
raw m aterial located near the consumption cen ter. Innumerable in te r­
dependent points of substitution are possib le  which determine the 
location of any individual en terp rise . Predohl fe lt that general 
equilibrium analysis could be extended to  cover a ll economic ac tiv i­
ties .
Isard also stated that Hans Wiegmann tried  to estab lish  a rea lis tic  
economic theory which would include the spacia l structure of economic 
p r o c e s s e s . 4 Wiegmann inferred that markets are restric ted  in scope 
because a ll factors and goods:face obstac les to movement, including 
those of an economic, social or political nature and because of these 
o b s ta c le s , he concluded that a theory of space economy should 
include a theory of limited com petition, th u s , rejecting the generally 
accepted assumption of pure com petition. Wiegmann favors a general 
equilibrium theory approach, in  which the various elem ents are 
weighed according to their im portance. He a lso  differentiates between 
s ta tic s  and dynamics by introducing the tim e elem ent. Wiegmann 
developed the concept of the "relative maximum." It s ta tes  that as 
the amount of physical space to  be overcome increases in  the move­
ment of an economic object, the  time period necessary  for such a 
movement increases until it reaches a maximum. The time period
4I b id . . pp . 37-42.
reaches a maximum in the sense that given more time movement would 
not continue because of the overpowering force of countless o b stac le s .
At the point where the time reaches a maximum/ competition ends and 
the competition field becomes bounded. Wiegmann theorized that the 
force of competition does not have the power to  extend a greater d is ­
tance than the radius of its  fie ld , irrespective  of the time factor.
This concept contains the definitions of b as ic  form. It is  depicted 
J as that unit of space (corresponding to a market region or competitive 
field) of the relatively  g reatest time w eight, hence, of the relatively 
g reatest stab ility  and perm anence. On th is concept he develops his 
theory of the space economy as a rhythmic moving G estalt whole with 
a core composed of the markets for land , labor and capital with numer­
ous other markets superimposed upon th e s e , overlapping and irregularly ~ 
in tersecting each other and at tim es extending into other space- 
economies.® Wiegmann offers insight into the  spacia l relationship 
of economic life .
Bertil Ohlin attem pts to dem onstrate tha t the theory of in ter­
national trade is  only a part of general location  theory.® His 
general theory w as designed to determine sim ultaneously, p rices,
G estalt whole im plies tha t each elem ent of a pattern through 
its  dynamic participation in  that pattern a lte rs  i ts  individuality .
®BertilG. Ohlin, Interregional and International Trade 
(Cambridge^ Harvard University P re s s , 1933).
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m arkets, locations of in d u stries , commerce and agriculture, specia l 
distribution of factors and com m odities, and other economic m agnitudes. 
Although Isard severely c ritic izes  O hlin 's view , he credits him with 
being among the first to  attempt to bring together in one model trade 
theory, the general theory of location and space economy. One can 
view them as synonymous because location cannot be explained unless 
at the same time trade is  accounted for and in turn trade cannot be 
adequately explained without the sim ultaneous determination of 
lo ca tio n s.
Isard s ta te s ;
1
The general theory of location and space economy is  con­
ceived as embracing the to ta l spa tia l array of economic 
ac tiv itie s , with attention paid to the geographic d istribu­
tion of inputs and outputs and the geographic variation in 
prices and c o s t . Modern equilibrium theory is  a special 
case  of th is theory, in  which transportation co sts  are taken 
as zero and all inputs and outputs are viewed as perfectly 
mobile; international trade theory, as narrowly conceived 
by Ohlin, is  a lso  a specia l ca se  of th is  theory . One pro­
ceeds from the la tte r to the former by assum ing a given 
location structure of economic ac tiv ity , by erecting 
appropriate barriers w ithin the world economy to correspond 
to the boundaries of na tions, and so forth . However, it  is  
important to bear in mind tha t the d istinction  between trade 
theory and the general theory of location and space-economy 
is  one of definition only. Trade theory can be broadly con­
ceived as synonymous with the general theory of location 
and space economy. And in a sen se , to o , because of 
monopoly elements which are almost invariably present in 
spatial re la tio n s, a broadly defined general theory of
^For additional literature on location theory, the reader is 
referred to J. R. Ltfsh E. M. Hoover '/! /* “ M. L. Greenhut 
A. Weber and, Isard , o p . c l t . , p . 50-53.
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monopolistic com petition can be conceived as identical 
with the general theory of location and space-econom y.
The substitu tion principle provides one of the best 
analy tical tools for developing th is  general theory. 
However, PreddJhl's use  of th is  tool must be modified 
and extended to embrace various substitu tion relations 
between transport inputs and between various types of 
outlays and revenues. The formulation of th ese  relations 
in terms of a system  of mathem atical equations ought first 
to  embrace the concept of transport inputs and la te r, if 
p ossib le , Losh's set of sp a tia l  co -o rd inates.
The evolutionary approach of W eber and o th e rs , and 
especially  the w ritings of W iegmann, who conceives the 
space economy as a rhythmic-moving G estalt whole with 
a structure core of land and labor m arkets, should be very 
helpful in suggesting lines along which th is  general theory 
may be nurtured to embody dynamic re la tio n s . ®
The Comparative Cost Approach
The preceding section  dem onstrates that much of .the literature is  
abstract and does not lend its e lf  immediately to handle specific 
problems. For exam ple, the "material index" developed by Weber is 
a valuable theore tica l concept, however institu tional factors such as 
federal transportation rate regulations limit its  application to specific 
location problem s. Also, th e  cost of transportation is  influenced by 
factors other than w eight, such a s ,  the perishability  of goods and 
charges which are made for specia l treatm ent th a t is  often required 
by some m aterials and goods. Considerations such as these  do not
^ Ib id . , pp. 53, 54.
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invalidate W eber's theory of location; however, employment of his 
m aterial index concept cannot always be relied upon since application 
of th is  concept alone often would not y ield optimum locations.
Hoover, Predohl, Wiegmann and Oblin also  made useful contribu­
tions to the general body of location theory which help us understand 
the general framework of industria l location . However, none of these 
theories yield an analy tical procedure that is  adequate to attack a 
specific location problem such as  tha t facing the management of indus­
trie s  looking for new plant lo c a tio n s .
Isard , on the other hand, suggests one procedure that is  exceed­
ingly useful — the com parative cost a p p r o a c h .9 The comparative cost 
analysis for a specified industry begins on the b asis  that there is  an 
estab lished  pattern of markets and a given geographic distribution of 
raw m aterials and other productive factors of production. Using th is 
techn ique, an attempt is  made to  find the location where the industry 
concerned can achieve the low est to ta l cost of procuring its  raw 
m aterials and delivering i ts  product to the m arket. Comparative cost 
studies often develop because of changes in the general technology, 
or in the technology of a particu lar industry, or in the production of 
an individual raw m aterial or interm ediate good. If a region w ith a 
low population density , which w as formerly considered unsatisfactory
^Walter Isard , Method of Regional Analysis -  An Introduction to 
Regional Science (New York: The Technology Press of the M assachusetts 
Institu te  of Technology and W iley and Sons, I n c . , 1960), p. 233.
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for a specific type of industry , were to develop i ts  transport network 
significantly th is  could resu lt in  a regional advantage and attract 
industry w hich, using the improved transportation fa c ilitie s , could 
procure i ts  raw m aterials and transport its  product more econom ically. 
Changing raw m aterial supply conditions such as depletion of mineral 
dep o sits , or increased  competition for raw material in a region can 
increase th e  cost of their procurement to the point where some firms 
are w illing to locate  at points more distant from the market or near 
lower quality raw m ateria ls. If the firm in question w as a supply 
oriented firm and the supply price of its  factors of production sign i­
ficantly inc rease  it may be attracted  to more market oriented lo c a tio n s . 
Isard s ta te s :
The most d irect way to pursue a comparative cost study for 
an industry would be to secure enough information to ca lcu ­
la te  the to ta l production cost the industry would incur in 
each of the  regions to be compared. The region or regions 
with the low est production costs (including transport cost) 
would be the most desirable location , in an economic se n se . 
Since the difference in  to ta l cost from region to region is  the 
important m agnitude, it becomes clear w ith further reflection 
that the regional comparative cost study need consider only 
the production and transport cost elements which actually  
differ from region to region. The components of production 
and transport cost tha t do not vary regionally in amount may 
be ignored; they give rise  to no regional advantage or d is ­
advantage. In p ractice , th is  consideration of cost differen­
tia ls  only can lead to considerable savings of research  tim e, 
since many item s of production cost for most industries do 
not exhibit system atic or significant regional varia tion . 10
10I b i d . . pp. 234*, 235.
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The Pulp and Paper Industry Location D ecision
As has been previously s ta ted , interregional comparisons w ill not 
be made in  th is  s tu d y .I1 This technique is  d iscussed  because data 
and information are presented which could be u sed  by in terested  pulp 
processing firms to make interregional com parisons. The most su it­
able technique for these  comparisons is  the comparative cost approach. 
The factors se lec ted  for th is study were chosen because inform ation1 
concerning these  factors would enable individual firms to compare 
Northwest Louisiana with ofher reg ions, to the extent tha t they are 
able to  procure comparable information, and then to make their lo ca­
tion decisions based  on the firms own m arkets, processing cost and 
other considerations, unique to the firm its e lf .
It is  recognized that location with respect to the market for the 
final product is  an important consideration both in  theory and p ractice . 
Most location theories require that the market be geographically fixed 
before location decisions are made; however, due to the wide range of 
products forthcoming from the pulp and paper industry, the fact that 
the markets for these  products are scatte red , plus the com plicated 
situation which resu lts  from the multitude of firms involved, it is
i  i
clear that geographic delineation of markets by anybne other than
* ^ Comparison of alternative locations w ithin the study area 
w ill be made. However, th ese  comparisons are not intended aB an 
application of the comparative cost approach as d iscussed  by Isard .
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the firm actually  making the location decision would, at b e s t, be
’
hypothetical.
Economies of scale  are of particular importance in determining 
industrial locations and th is has particular significance to the pulp 
and paper industry . Locations in the proximity of large supplies of 
raw m aterial favors a larger sca le  of production than market oriented 
locations where the sca le  of plant may be restric ted  by the size  of the 
market near which the firm chooses to lo ca te . The present trend 
toward larger and larger pulp mills strongly suggests that there are 
significant economies of sca le  in  the pulp and paper industry . This 
is partially  verified by the fact tha t modern mills are larger and have
I  O
more expensive equipment than older m ills. °  Sulfate pulp mills 
recently constructed in the South are supply oriented and there is  no 
evidence to indicate tha t th is  trend w ill not continue.
Processing costs  vary somewhat depending upon the product 
produced and the techniques employed by the individual firm s. 
Processing costs  are excluded from the study not only because of the 
expected variability  but because potential firms have access to  infor­
mation of th is  nature and no attempt is  made here to duplicate th is 
inform ation. In addition, the magnitude of the problem p laces its  
solution beyond the scope of th is  study.
^ O rv i l le G . M ussey, W ater Requirement of the Pulp and Paper 
Industry (W ashington, D . C .:  U .S .  Government Printing O ffice, 
Geological Survey W ater-Supply Paper 1330-A, 1951), p . 55.
Once the decision has been made to se lec t a  new pulp mill s ite  
then the comparative analysis technique can be used to  se lec t the most 
advantageous location from the alternatives a v a ilab le . Only the loca­
tions which meet the basic  requirements for pulp processing need be 
considered. These basic  requirements are: (1) abundant supplies of 
pulpwood, (2) an adequate quantity and quality of process w ater,
(3) means for disposing of the large quantities of v«ste effluent which 
resu lt from sulfate pulp processing and (4) a source of power adequate 
to operate the m ill. Before further an a ly sis , economic or o therw ise, is  
m erited, a ll physical requirements must be m et. When a ll areas which 
do not have s ite s  which meet these physical requirements are elim i­
nated , a comparative analysis can be made between the remaining
a re a s .
An ideal pulp mill location would be one in  which a ll the factors 
of production were located in the vicinity of a large market for the 
finished product. However, th is  situation is  seldom found.
New mills are being located near vast wood sources and they may
13be far removed from the main consumers of the fin ished product. The 
pulp processing industry first developed in pulp producing areas near 
the consumption centers of the E ast. A study of plant density shows
^ A . S . Panshin, e t . a l . .  Forest P roducts. Their S ources, 
Production. and U tilization (New York: M cGraw-Hill Book Company, 
I n c . , 1962), p . 383.
29
the concentration of pulp mills along the Atlantic coast of the South­
easte rn  United S ta te s . ^  The development of pulp industry in th is 
a rea , in general, is  the resu lt of th is  industry developing around the 
large quantities of raw material tha t were available relatively  near to 
the large consumption centers of the E ast.
As the industry developed in th is a rea , competition for pine 
pulpwood resulted  in  relatively high st^impage p r ic e s . ^  These higher 
stumpage prices encourage development of pulp processing fac ilities  
in  areas normally considered d istan t from centers of consumption. 
However, it should be noted that the westward adjustment of our 
population has changed the traditional patterns of consumption.
This change would tend to encourage the location of pulp mills in  
more W estern locations of the Southern part of the United S ta te s . In 
view of th is  anticipated kraft puip mill expansion in  the South Central 
United S tates and the aforementioned problem s, present in Northwest 
Louisiana, more specific information on se lec ted  factors that influence 
the location of additional pulp processing fac ilitie s  in Northwest 
Louisiana w ill be presented in succeeding ch ap te rs .
^H erb ert A. Knight and Agnes C . N ichols, Southern Pulpwood 
Production, 1963 (New Orleans: U. S. Department of Agriculture, 
Southern Forest Experiment S tation, 1964), p . 11.
15James W . Reddoch, The Louisiana Pulpwood Bargain 
(Alexandria, Louisiana: Central Louisiana Electric Company, 
undated), p . 3 .
^K night, op_. c i t . , p . 11.
CHAPTER III
PULPWOOD SUPPLIES
The most important material required for the manufacture of 
sulfate pulp is  resinous softwood. Because of the substantial loss 
of weight which resu lts from the manufacturing process of converting 
roundwood to wood-pulp and corresponding transportation economies, 
the pulp processing industry has trad itionally  been a supply oriented 
industry . Normally wood movements by motor truck do not originate 
from points further than 65 miles from the mill s i te , and while rail 
movements may originate at points somewhat more distant they do not 
change the supply oriented characte ristic  of the industry. * Potential 
pulp mill locations must have an abundant supply of softwood, near 
the mill s ite  so that it  can be assem bled at com petitive c o s ts , if the 
s ite s  are to be considered as feas ib le . Pulpwood supplies can be 
considered a necessary , but not a sufficien t, condition for econom- . 
ically  feasib le  locations. This chapter deals with the availability  of 
pulpwood supplies in an area composed of 13 Northwest Louisiana 
Parishes and the im plications with respect to  the feasib ility  of 
locating additional pulp processing fac ilitie s  in th is area .
*A. J. Panshin, E. S. Harrar, J. S . Bethel andW . J. Baker, 
Forest Products -  Their Sources . Production, and U tilization .





United States Department of Agriculture Southern Forest Experiment 
Station forest survey data for Louisiana, for 1964, indicate that there 
are 5 ,232.3  thousand acres of commercial forest in the study area , 
accounting for 78 percent of the land a rea .^  This is  a 9 .6  percent 
increase over the commercial forest acreage reported in the 1954 
survey. 3 This increase can be attributed primarily to the reforestation 
of idle farm land with pine tre e s . Forest survey data for 1954 showed 
that 67 percent of the commercial forest of Northwest Louisiana were 
softwood s tan d s.^  When the increase  in commercial forest acreage 
since the 1954 survey (459.3 thousand acres), as a percentage of the 
to ta l commercial forest acreage , is  added to the 1954 percentage of 
softwood, the 1964 percentage of softwood forests increases to 75.7 
of the to ta l commercial forest a rea . The study area is  not identical 
w ith the Southern Forest .Experiment Station survey area . However, 
there is  evidence which suggests that the study area has an even 
higher percent of softwood forest since it includes Natchitoches and 
Sabine P arishes, two heavily forested parishes not included in the
^See Appendix Table 1.
3
See Appendix Tables 1 and 2 .
^Forests of Louisiana, 1953-54 (New Orleans: U. S . Department 
of Agriculture, Southern Forest Experiment Station, Forestry Release 75, 
1955), p . 4.
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Southern Forest Experiment S tation definition of the Northwest area .
The study area excludes Caldwell and Ouachita Parishes which are 
included in the Southern Forest Experiment Station a re a . Combined, 
Caldwell and Ouachita have higher percentages of hardwood forests 
than Sabine and Natchitoches P arishes. This analysis indicates that 
the proportion of softwood forest in the study area was at le as t 67 per­
cent in 1954 and about 75.7 percent in 1964. Softwood forest acreage 
increased 14 percent between 1934 and 1954 and about 16.5 percent 
between 1954 ahd 1964.5
The analysis above shows tha t the softwood forest area, of the 
Northwest Louisiana uplands is  steadily  increasing and that th is  
in c r e a s e d  due largely to the coiitinuing plahting of p ine, both on 
id le farm land and in place of harvested s tan d s. A study of the data 
in Table I illu stra tes  the type of growing stock , in the 13 parish area 
and the predominance of pine as the most abundant forest, sp ec ie s .
There are an estim ated 36,151 thousand cords of pine growing stock 
in  the a rea . This is  enough to supply the 1964 pulping capacity  of 
the area , 3,576 tons daily , for a period of more than 15 years.®
Before it can be cop$idered feasib le  to locate additional pulp>- 
ing fac ilitie s  in an area , there must be large quantities of wood
® Ibid., p . 4 . Also see Appendix Tables 1 and 2.
®For infortiiat'ion concerning the a rea 's  pulping capacity  see:
Joe F . Christopher, Southern Pulpwood Production. 1964 (Ashville: 
United S tates Department of A griculture, Southeastern Forest Experi­
ment Station, Resource Bulletin S O -6 , 1965), p . 20.
Table I .  Growing Stock Volume for All Timber, Acres of Commercial Forest by Type and Percentage of 













• Acres of 
commercial 
forest
Thousand cords (Percent) (Thous. acres)
Bienville 4,549 3,556 3,525 31 993 78.2 437.4
Bossier 2,949 1,888 1,852 36 1,061 64.0 414.0
Caddo 1,993 968 956 12 1,025 -48.6 352.8
Claiborne 2,877 2,147 2,140 7 730 74.6 365.8
DeSoto 4,523 3,225 3,034 191 1,298 71.3 428.4
Jackson 4,803 3,215 3,212 3 1,588 66.9 335.0
Lincoln 1,234 764 761 3 470 61.9 218.4
N atchitoches 6,906 4,417 4,336 81 2,489 64.0 616.0
Red River 1,516 668 663 5 848 44.1 174.0
Sabine 7,944 5,271 5,176 95 2,673 66.4 540.0
Union 5,387 3,079 2,910 169 2,308 57.2 487.7
W ebster 2,361 1,553 1,506 47 808 65.8 495.8
Winn 9.494 6.343 6.080 263 3,151 66.8 567.0
Total 56,536 37,094 36,d 5 1 943 19,442 65.6 5 ,232 .3
Source: Preliminary data collected  by the U . S .  Forest Service, United S tates Department of 
Agriculture, 1964. See Appendix T ab les-1 and 3 .
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suitable for pulping tha t are not being used by other w ood-using firm s.
In addition, th e se  supplies must be replenishing in nature. Therefore, 
the yielding capacity  of the a rea 's  forest is  of paramount im portance.
An analysis w as conducted comparing 1954 and 1964 softwood volum es.
The resu lts  of th is  analysis are shown in Table II. This analysis furnishes
an estim ate of softwood that is  presently not being used by existing
industry and which may be available for wood-using industry expansion.
For the a rea , the annual average increase was 1,621,600 cords, w hich,
if  ava ilab le , would be enough to supply about 2,400 tons of daily pulping
capac ity . This is  assuming 1.80 cords of wood are required to  produce a 
7ton of pu lp .
The location  of potential supplies w ithin the study area is  impor­
tan t because of i ts  effects on transportation c o s ts . Transportation 
costs  w ill be analyzed in deta il in a la ter sec tion . The locations of 
potential annual pulpwood su p p lies , as indicated by annual average 
increase  in softwood volume, are shown in Figure 2. Only in  Red River 
Parish w as there a decrease in softwood volume. All other parishes showed 
an in c rease . They ranged from 7,300 cords per year in Union Parish to 
272,100 cords in  N atchitoches Parish . This increase is  consisten t 
w ith the increase  in growing stock reported by the Southern Forest
7
For the b as is  of th is  assum ption see: Kenneth W . B ritt, Pulp 
and Paper Technology (New York: Reinhold Publishing Corporation,
1964), p . 59.
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Experiment Station and findings of other research ers . For exam ple,
Corty and S t. Clergy reported that w ithin a study area of six  North 
Louisiana parishes which are included in  th is study, growth of grow­
ing stocks substantially  exceeded the volume of cut for the period . 
1954-1958.8
Pine Plantations
Louisiana Forestry Commission data show that since 1945 approxi­
mately 243 thousand acres have been planted to pine seed lings.
Table III shows the number of acres planted by year groups for the 
period 1946-1965 and Table IV shows the acres planted by parishes 
for the same period. Unpublished research being conducted at the 
North Louisiana Hill Farm Experiment Station ind icates tha t a growth 
rate of 1.5 cords per year is  not unrealistic  from plantation stands in 
the a re a . Plantation yields computed at th is  rate would amount to 
364.5 thousand cords annually. The bulk of th is  acreage was 
planted after the la te 1940's and is  now reaching sufficient size  for 
harvesting . Throughout the next decade th ese  plantation stands w ill 
measurably increase the supply of marketable pulpwood w ithin the 
study area .
8C . J . S t. Clergy and F. L. Corty, A Changing A griculture.
Forest R esources, Employment in Wood Industries and Land Use and 
Ownership in the North Louisiana Hill Farm Area. Hill Farm F ac ts ,
Econ. II, Louisiana State U niversity, June 1959, p . 10.
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Table II. Annual Average Increase In Growing Stock, Sawtimber and









---------C o rd s ----------------
54,400 190,100
Bossier 99,700 38,400 138,100
Caddo 57,200 21,400 78,600
Claiborne 136,800 45,000 181,800
DeSoto 174,000 53,500 227,500
Jackson 66,700 10,600 77,300
Lincoln 20,000 6,800 26,800
N atchitoches 204,600 67,500 272,100
Red River - 1,500 - 2,300 -  3,800
Sabine 139,800 42,500 182,300
Union 21,500 ' , -14,200 7,300
W ebster 83,000 • 24,800 107,800
Winn 96,600 39.100 135,700
Total 1,234,100 387,500 1,621,600
Source: The data used in computing the annual average increases 
were taken from the following publications:
Herbert S. S ternitzke, Louisiana Forests (New Orleans: U . S .  
Department of Agriculture, Southern Forest Experiment S tation, 
U . S .  Forest Service Resource Bulletin SO-7, 1965), pp. 28, 29.
Forests of L ouisiana, 1953-1954 (New Orleans: U . S .  
Department of Agriculture, Southern Forest Experiment S ta tion ,' 
Forest Survey Release 75, 1955), pp. 40,41?.
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Figure 2. Average Annual Increase In Softwood Growth for the Period, 
1954-1964, for 13 Northwest Louisiana Parishes, Expressed 
In Standard Cords.
Source: See Table II, p. 36.
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Table III. Acres Planted and Seeded to Trees Since 1945 and Period in 
Which Plantations Reach Minimum M arketable Age, 13 














■'"Parishes included are same as those presented in Figure 1. All but 
2,135 acres of the to ta l acreage is  composed of pine sp e c ie s .
n
6The minimum age at which pine timber is  considered to be of mer­
chantable size  is  15 y ea rs . This age is  based upon consultation 
w ith Dr. Thomas Hansbrough, A ssociate Professor, School of Forestry, 
Louisiana State U niversity.

















*A11 but 2,135 acres bf the to ta l acreage is  composed of pine sp ec ie s .
Source: See Appendix Table 5 .
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Wood Residues
In addition to  pine roundwood, coarse residues from wood-using 
in d u stries , other than pulp m ills, are an important source of pulpwood. 
The bulk of residue m aterial comes from slabs and edgings from saw -
q
m ills. Although pine roundwood production increased 21 percent in 
the South during the period 1953-1963, it decreased as a percentage of 
to ta l pulpwood production, for the same period, from 87 to 64 percent. 
This is  due to the trend toward fuller uses of wood re s id u e s .1® 
Analysis of data compiled by the Southern Forest Experiment Station 
and the Louisiana Forestry Commission ind icates that about 88 percent 
of coarse residues produced in the study area are presently  u s e d .11 
The quantity and location of softwood residues not being used in  1962, 
and which would be potential supplies for new fa c ilitie s , are shown in 
Table V. Assuming tha t a ll of the remaining unused coarse residue
could be assem bled and used for the manufacture of pulp, a daily pulp
19processing capacity  of 35 tons could be supplied from th is  source.
9Herbert A. Knight, Southern Pulpwood Production. 1963 
(Asheville: United S tates Department of Agriculture, Southeastern 
Forest Experiment S tation, Resource Bulletin SE-3, 1964), p . 4 .
10I b id . , p . 3.
11See Table V.
1 9^ This calcu lation  assum es that 1.80 cords of wood are required 
for manufacture of one ton of pu lp .
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Table V. Coarse Softwood Residue; Amount Used and U sed, 13 





- C ords------------ Percent
Bienville 28,827 — — 100
Bossier 2,933 120 96
Caddo 1,187 2,280 52
Claiborne — — —
DeSoto 18,547 80 99
Jackson 693 2,120 33
Lincoln — 4,987 0
N atchitoches — 3,893 0
Red River * — — —
Sabine 28,507 4,827 86
Union 4,760 1,707 74
W ebster 19,707 — 100
Winn 64,827 3.240 95
Total 169,988 23,254 88
*Data not published because there are le ss  than three plants producing 
re s id u e s .
Source: Joe F. Christopher and Erwin R. Gunter. Louisiana Forest
Industry S ta tis tic s  (New Orleans: Department of Agriculture, 
Southern Frest Experiment S tation, Bulletin SO-2, 1963), p . 10-11.
These residues would be supplemental since the unused quantity is  too 
small to sa tis fy  the pulpwood requirement for mills of the size  currently 
being constructed . Although the unused amount of coarse residue is  
sm all, the entire amount of residue , both used and unused, was 
193,242 cords in 1962. This entire amount could be considered as a 
potential source, depending on the degree of the new industry would 
be willing to  compete for i t .
Pulpwood Prices
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The excess supply of pulpwood is reflected in prices paid for
pulpwood in Louisiana. A 1961 study by Reddoch shows; (1) the
average "delivered-to-m ill" price for pulpwood is lower in Louisiana
than in any other Southern or Southeastern state; (2) the average pine
stumpage price was higher in Alabama, Florida, Georgia and M ississippi
than in Louisiana. Prices in these  sta tes ranged up to 50 percent higher
than in Louisiana; and, (3) the highest recent price lis ted  by a dealer
in Louisiana for pine pulpwood stumpage w as $4.50 le ss  than the
highest price lis ted  by a dealer in Florida, $.4.00 le s s  than in Gedrgia,
13. and $2.00 le ss  than in M ississ ip p i.
The delivered-to-m ill prices as determined by the above study 
for the major pulpwood producing .sta tes are shown in  Table VI.
Stumpage prices for se lec ted  southern s ta te s  are shown in Table VII.
The Reddoch study also  s ta tes  that the data for Alabama, Georgia and 
M ississipp i showed no relationship  between distance the wood was 
hauled and p r ic e . Data for Florida showed a slight but not significant 
relationship in  th is resp ec t. Contrary to th is ,  s ta tis tica l analysis 
made by Reddoch showed that there was a significant negative re la tion­
ship between d istance to  mill and prices in  Louisiana. It is  also
^ Jam es W . Reddoch, The Louisiana Pulpwood Bargain 
(Alexandria, Louisiana; C entral Louisiana Electric C o . , 1962), p. 2 .
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Table VI. Representative Average D elivered-to-M ill Prices per Cord for 













Sources James W . Reddoch, The Louisiana Pulpwood Bargain (Alexandria, 
Louisiana; C entral Louisiana Electric Co . ,  1962), p . 3 .
Table VII. Average Prices Paid by Pulpwood Dealers in Selected 
Southern S tates for Pine Pulpwood
Arithmetic
State mean Median Mode
Alabama $5.73 $6.00 6.00
Florida 5.95 6.00 6.00
Georgia 6.36 6.25 6.00
Louisiana 4.35 4.25 4.00
M ississippi 4 .91 . 4.58 4.58
Source; James W . Reddoch, The Louisiana Pulpwood Bargain (Alexandria, 
Louisiana; C entral Louisiana Electric C o . , 1962), p . 3 .
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indicated in the Reddoch study th a t, w ithin the existing supply and 
demand situation in Louisiana, d istance to the mill is the largest 
single factor affecting the price tha t w ill be offered for a given stand 
of w ood.
One explanation of the observed variation in distance of haul and
stumpage price between other southern s ta te s  and Louisiana is  the
degree of competition w ithin the supply a rea . Figure 3 shows the
number of companies procuring pine roundwood by county in 1961,
and the 1961 average stumpage price in se lec ted  southern s ta te s .
This figure shows tha t the higher the density  of companies procuring
pulpwood the higher the  stumpage price . The density of buyers increases
from w est to east and in Louisiana th is  density appears relatively low.
Only four parishes have more than three companies procuring pine
pulpwood and only one parish has more than s ix . Economic logic
suggests a positive correlation between stumpage prices and the
number of prospective buyers and, as competition increases th is
probably tends to  overshadow the d istance-fac to r in determining
stumpage prices w ithin certain  lim its . The lim its would be the prices
that would prohibit the profitable processing of pulpwood by any firm.
%
Piilpwood prices vary w ithin Louisiana as w ell as w ithin the 
South. G enerally , stumpage prices are higher in the northern part 
of the sta te  and decrease toward the south . In the southeastern part 
of the s ta te  the pattern is  one of diminishing prices from east to w est.
Figure
Source:
. The D ensity o f  Buyers Procuring Pine Roundwood in  the  South, by 
County and P ine Stumpage P rice s  fo r  Selected  S ta te s , 1961.
Joe F . C hristopher and Martha E. N elson, Southern Pulpwood 
P roduction . (New O rleans: Southern F o res t Experiment S ta tio n ,
U. S. F o rest Resource B u lle tin  SO-1, 1962), p . 5.
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The map in Figure 4 shews the pattern of stumpage price for pine pulp- 
wood in Louisiana „ In the study area prices ranged from about $5 .00 
per cord in the extreme northern parishes to about $4.00 per cord in 
the southern parishes .■*■4 Data published by the Louisiana Department 
of Agriculture Market Commission indicate that in Northwest Louisiana 
the stumpage price averaged $4.57 per cord for the period from 
February, 1960 to June, 1965, Table VIT.I. For th is same period the 
average price reported in  the w est cen tral part of the sta te  was $4.02 
per cord. The f .o .b .  price at the local woodyards for the period from 
February 1960 to June, 1965, w as $15.10 per cord in  Northwest Louisiana 
and $14.66 per cord in  W est C entral Louisiana..- It is  evident that 
stumpage prices and f .o .b .  prices are lower in  the w est central area. 
This is  generally consisten t w ith the price pattern found in  the Reddoch 
study as shown in Figure 4 . Also apparent from the data is  the 
stab ility  of both stumpage and delivered-to-the-m ill prices for both 
areas over the la s t five y e a rs , indicating little  change in the level 
of competition for pine pulpwood.
Forest Land Control
When considering the feasib ility  of additional pulp processing 
capacity  it is  insufficient that an adequate supply of pulpwood ex is t.
- — -1 1  ------------------------------
14Ib id . , p . 1.
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Legend
Unmarked areas produce lim ited  
q u a n ti t ie s  o f p ine pulpwood.
Figure 4 . Fine Pulpwood Stumpage P rice s  in  L ou isiana , 1961.
Source: James W. Reddoch, The Louisiana Pulpwood B argain . (A lexandria:
C en tra l Louisiana E le c tr ic  Company, 1962), p . 1.
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Table VIII. Northwest and W est Central Pulpwood Stumpage and f .o .b .
on Car at Woodyard Prices for the Period February, 1960- 
June, 1965
Date
Area 1^ Area 3
StumDaae f . o . b o Stumpage f .o .b .
June 1965 4.60 15.75 3.95 15.00
February 1965 4.60 .15.75 3.90 14.85
December 1964 4.55 15.40 3.90 14.60
August 1964 4.60 15.25 4.00 14.50
June 1964 4.70 15.25 4.00 14.80
February 1964 4.60 15.25 4.00 14.50
December 1963 4.60 15.00 3.95 14.75
September 1963 4.80 15.55 3.70 14.85
May 1963 4.50 15.25 4.10 15.15
February 1963 4.50 14.40 4.00 14.60
October 1962 4.30 14.50 4.10 14.15
August 1962 4.55 14.50 3.80 14.10
May 1962 4.50 14.85 4.25 14.60
February 1962 4.80 14.90 4.00 14.40
November 1961 4.50 15.10 4.00 14.60
May 1961 4.50 15.10 4.10 13.90
January 1961 4.45 . 15.10 4.15 14.25
November 1960 4.60 15.50 4.35 14.65
July 1960 4.50 15.00 4.05 15.50 •'
May 1960 4.65 14.60 4.10 14.60
February 1960 4.50 15.20 4.00 15.50
Arithmetic mean 4.57 15.10 4.02 14.66
aArea 1 contains the Northwest Louisiana p arish es.
^Area 3 contains the parishes located in the W est Central part of the 
s ta te .
• Source: These data were compiled from quarterly price quotations 
published in the Louisiana Department of Agriculture and 
Immigration S tate Market Commission publication,
Louisiana Timber Products „
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It must also  be available „ If all supplies are controlled by existing 
pulp processing firms there would be no supply available to new 
industry regardless of the magnitude of the physical quantity .
In the study area , data obtained from Louisiana Forestry Com­
m ission land control maps showed that only 732,225 acres were 
controlled directly by the existing pulp processing firms . Thi s is 
only 13.9 percent of the commercial forest land a rea . This leaves 
about 4.5  million acres of commercial forest which could provide wood 
for the open market. Earlier in th is study it was estim ated that 75 
percent of the forest of Northwest Louisiana could be considered so ft­
wood fo re s t. 16 Included in  the non-controlled forest acreage are 
335,415 acres of government land, 865,885 acres in large forest owner­
ships and approximately 2 .8  million acres composed of small private 
ow nerships. Large forest ownerships are those controlled by ind iv i­
duals who control more than 5 ,000 acres in the entire s ta te . These 
data ind icate that although existing pulp processing firms control 
large ac reag es, 732,225 , they did not control acreages large enough 
to limit the supply of pulpwood that would be available to new proces­
sors in  1964.
^ T h e se  maps show all acreages controlled by persons or firms 
tha t controlled more than  5,000 ac re s . This includes a ll holdings by 
th ese  firm s. All ownerships le ss  than 5,000 acres are considered as 
sm all ow nerships.
*®See the d iscussion  on page 31 in th is  Chapter for the develop­
ment of the estim ate of the percentage of softwood forests of to ta l 
forest ac reag e .
Data collected  by the Louisiana Forestry Commission showed that 
of 52 firms surveyed tha t se ll pine pulpwood stumpage on the open
market throughout Louisiana 48 were in terested  in possible stumpage 
17agreem ents. This is  a strong indication tha t pine pulpwood supplies 
in  existing industria l fo rests in Louisiana, excluding pulp processing 
firm hold ings, are not obligated to any significant degree and could be 
considered as a potential source for prospective pulp processing 
industry . There is  no reason to  expect that the situation with respect 
to  pine pulpwood availab ility , for the sta te  as a w hole, would not 
apply to  the study a re a .
•^This does not include existing pulp processing firm s.
CHAPTER IV
EFFLUENT DISPOSAL REQUIREMENT
A limiting factor in evaluating potential pulp mill s ite s  is  a means 
of disposing of the huge quantities of w astes resulting from the manu­
facture of pulp. The most desirable location is  one which allows the 
w aste to be dumped directly into a stream that has a flow adequate to  
dilute the effluent sufficiently to elim inate i ts  detrim ental e ffe c ts .
Dr. H . W . Gehm, Technical Advisor of the National Council for Stream 
Improvement, stated:
Today, in evaluating a new mill s i te ,  it  has become 
necessary  to  consider the d isposition  of spent process 
w ater on the same plane as the availab ility  of raw mater­
ia ls ,  transportation , and other u tilitie s  required for profit­
able manufacturing. This fact becomes increasingly 
evident as locations at which large volumes of w ater are 
available for effluent dilution are becoming sc a rc e , mills 
are becoming larger, stream s are being c lassified  by 
regulatory b o d ie s , and surface w ater usage for a ll pur­
poses is  rapidly increasing . The necessity  for locally 
u tilizing wood resources is  also an influential fac to r.
H ere, location , in  many in s tan c e s , lim its the available 
dilution w ater as some of the good timber stands are in 
seasonally  arid reg ions. For exam ple, when one surveys 
the remaining potential mill s ite s  in the Sohth, effluent 
d isposal is  the g rea test single lim iting item which might 
discourage the development of some of them . *
*H. W . Gehm, Mill S ite Evaluation, An unpublished paper by 
the Technical Advisor, National Council for Stream Improvement, p . 1.
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C haracteristics of Sulfate Effluent
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Review of relevant literature and consultation w ith represen ta­
tives of the Louisiana Stream Control Commission indicated that there 
are three objectionable characteristics of kraft mill effluent. These 
are color, toxicity and the reduction of the level of d isso lved oxygen 
in the discharge stream .
The dark color of kraft mill effluent reduces the aesthetic  value 
of the affected stream . However, it  does not significantly  affect 
aquatic life or most w ater uses un less it is  present in  very high con­
centrations. When the w aste is  diluted to  the extent necessary  to 
sa tisfy  the requirement for d isso lved oxygen content, normally the 
color effect is insignificant.
There are elements and compounds presfent in pulp w aste , if 
present in high concentrations, tha t are harmful to aquatic l i f e . 
Dilution of the mill w aste is  a lso  the procedure used to reduce toxicity 
to acceptable lev e ls . Again, when dilution is  ample to maintain 
desired levels of oxygen in the stream , tox ic ity  usually is  reduced 
to the point of in sign ificance. Referring to  kraft mill to x ic ity , Van 
Horn s ta tes :
Modern technology has operated to minimize the  lo ss of 
chemicals in a kraft operation. If th e se  modern mills are 
operated normally and carefu lly , and unnecessary sp ills  
avoided, there is  no hazard to fish from a kraft m ill.2
^W illis M. Van Horn, "The Effect of Pulp and Paper Mill W astes 
on Aquatic Habitat Requirement,"  Pulp and Paper M agazine of Canada 
(Quebec?.: Gardenvale, Technical Section , February, I960), p . T-68.
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The most objectionable feature of ktaft mill w astes is  an increase 
in  the oxygen demand placed on the stream by bacteria and mold which 
use the wood sugars for food. When th is  additional demand becomes 
too great aquatic life can not survive. Normally it is  held tha t from 3 
to  4 parts per million Q?PM) of d issolved oxygen are required for main­
tenance of aquatic l i f e .2 The five-day biochem ical oxygen demand 
te s t  (B .O .D .) is  generally used to determine the consumption of 
oxygen caused by w aste effluent in  a stream . The B .O .D ., expressed 
in  pounds of oxygen consumed per ton of kraft pulp, is  55 to 70 pounds. 
A modern sulfate kraft mill with a 24-hour capacity  of 500 tons would 
produce about 27,500 pounds of B .O .D . per day . A stream flow of 
2,037 cubic feet per second (CFS) would be required to handle the 
27,500 additional pounds of daily B .O .D . and s till  maintain a d is ­
solved oxygen level of 3.5  PPM assuming the dissolved oxygen level 
before w aste  discharge was 6 .0  PPM.^ W hile th is  estim ate is  hypo­
th e tic a l, it serves as an example of the rate of flow needed for the 
location  of a mill of th is size .
A plant with the most efficient w aste treatm ent can reduce 
the B .O .D . to about 40 pounds of oxygen consumed per ton of kraft
pulp . In th is case  a 500-ton mill would produce about 20,000 pounds
of B .O .D . per day and a stream flow of 1,481 CFS would be required.
3I b id . . p . T -69 .
^See next page for th is footnote.
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It is  important to note tha t these  calculations assum e tha t the w aste is 
discharged into the stream in such a manner so that a ll oxygen above 
3 .5  parts per million is  available to sa tisfy  the B .O .D . created by the 
effluent and that no aeration of the stream takes p lace after the d is ­
charge. The assumption that no aeration takes place is  not unrealistic  
considering that in the drought seasons the temperature in the  study 
area is  often high enough to significantly reduce the d isso lved  oxygen 
level in streams which are already flowing at a much reduced ra te . A 
stream flowing at 1>00 CFS with a d issolved oxygen content of 5 PPM
^The stream flow requirement is  determined by substituting in the
following formula:
V - A 
A “ 5 .4 (Y-Z)
Where:
X = stream flow in cubic feet per second (CFS).
Y = oxygen content of the stream in  parts per million (PPM).
Z = oxygen content of the stream to  be m aintained, (PPM).
A = pounds of B .O .D . to be sa tis f ied .
5 .4  = constant to convert the answer to cubic feet per,second.
In the above example: Y = 6 .0 ,*  Z = 3 .5 , and A = 27 ,500 .
Therefore substituting into the above formula:
(
x ■ 5 . 4 7(fe5.O0°-3.5) " =  T i T J T  = 2 - 037 .
*An oxygen cbntent of 6 .0  parts per million is  used because it repre­
sen ts a reasonable estim ate of the oxygen level found in Louisiana 
stream s. Consultation with Louisiana Stream Control Commission 
represen tatives indicated that the oxygen content of a stream must 
be maintained between 3 to 4 |)PM for support of aquatic life . It was 
also  indicated that th is  .level varies among stream s.
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would only be able to sa tisfy  the B .O .D . created by a mill producing 
67 tons of pulp per day using the most effective w aste treatm ent ava il­
ab le . Based on th ese  estim ates it appears unlikely that pulp mills of 
the size  presently  being built (500 t6 1,000 tons capacity  per 24 hours) 
would be located anywhere except in the vicinity of a stream with a 
probable minimum flow of 500 CFS or more and an average flow of not 
le ss  than 1,500 CFS. These are the requirements estab lished  for 
potential mill s ite s  in th is  study.
Although it would be physically possible to operate small mills 
on sm aller stream s a ll evidence indicates that th is  is  not likely to 
happen if larger stream s are availab le . The primary reasons for th is 
conclusion are; (1) The greater risk of curtailed production because 
of low flows limiting w aste d isp o sa l, (2) these  locations would not 
allow for plant expansion which is  desirable in order to meet the 
increasing  demand for pulp and paper, (3) the greater cost that might 
be incurred s in ce , for any given size  p lan t, the sm aller the stream that 
the w aste  is  to  be discharged into the higher the expected cost of 
w aste treatm ent, otfyer factors being equal.
W aste D isposal in the Study Area
An examination of surface w ater records showed that the most 
limiting physical factor to location of additional pulp processing 
fac ilitie s  in the study area was streams with characte ris tics  su itab le
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for sufficient dilution of the pulpmill effluent. There is  only one 
stream w ithin the study area tha t approaches the requirement for 
large pulp processing fac ilities  — the Red River. W hile the area is  
drained by many sm aller s trea in s, they are either inadequate or highly 
variable in flow character!stics~Of-both.5
The 35 year average flow of the Red River is  25,050 CFS at 
Shreveport, Louisiana while the historic recorded minimum flow at 
Shreveport is  690 CFS on October 30, 1956.® Even though the  flow of 
the river is  regulated by Lake Texoma and Texarkana Reservoir, the rate 
of flow fdr several months of the year fa lls  off sharply as illu stra ted  by 
the data in Table IX. In sp ite  of th is , it appears that the Red River 
could be used to  dispose of large quantities of pulp mill effluent.
The exact capacity  of the river to accept increased B .O .D . w ill vary 
with locations along the river as w ell as water tem perature, rate of 
flow, and the disso lved  oxygen level prior to receiving the w aste 
m aterial.
Monthly variation of maximum, average, and minimum w ater 
temperature compared to average air temperature are shown, in 
Figure 5 . Average monthly temperature reached a maximum of about
r H
°A review of the data presented in the following publication is  
recommended for verification of th is statem ent: Surface W ater 
Records of Louisiana (Washington: United S tates Department of the 
Interior, G eological Survey, 1963), p . 23.
6Ibid. . p. 23.
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Table IX. W ater Flow Data for Red River at Shreveport, Louisiana1
Day Oct. Nov. D ec. Tan. Feb. Mar.
1 8,340 17,400 59.700 13,800 9,860 5.390
2 7.460 29,500 54,200 13,500 10.100 '5 ,390
3 8,120 30,800 44,500 13,100 9,860 6,090
4 8,780 26,900 38,200 13,500 9,620 8,660
5 12,900 22,800 34,800 13,500 9,380 13,500
6 19,200 19,600 34,200 13,100 8,900 16,300
7 - 19,200 17,900 34,800 13,500 8,430 15,800
8 15,800 15,500 35,500 17,700 7,960 - 14,500
9 13,200 14,500 30,800 25,800 7,510 14,900
10 11,800 14,500 27,800 27.800 7,080 16,700
11 10,700 15,800 24,500 25,800 6,460 15,800
12 10,400 16,500 22,800 22,100 6,090 14,500
13 10,400 16,500 22,200 19,800 5,910 13,800
14 10,700 15,800 21,600 18,800 5,910 21,000
15 10,700 14,200 20,100 18,200 6,460 28,400
16 16,500 12,600 19,600 17,200 6,860- 30,500
17 31,500 10,900 19,600 16,200 7 ,0 8 0 30,500
18 42.900 9,440 19,600 15,400 6,650 29,100
19 42,900 8,340 18,700 14,900 6,280 27,800
20 38,200 7.680 17,900 14,200 6,090 27,100
21 33,500 8,120 17,400 13,500 5,910 26,500
22 27,500 8,780 16,100 13,100 5,390 24,600
23 22,800 9,000 14,800 12,800 5,230 25,200
24 21,100 9,440 13,500 12,800 4,900 29,100
25 22,200 9,220 12.600 12,100 4,600 33,300
26 22,800 8,340 12,900 11,200 4,600 29,800
27 20,500 8,560 15,100 10,700 4.440 23,900
28 17,400 9,440 16,100 9,860 4,600 19,800
29 14,^00 11,200 16,500 8.900 - 19,800
30 12,900 41.200 16,100 8,900 20,400
31 12.600 15.100 9  ^140 18.200
Total 577,800 460,460 767,000 471,000 192,160 626,330
Mean 18,640 15,350 24,740 15,190 6,863 20,200
Ac-ft ]Li 146,000 913,300 1,521,000 934,200 CO




Dav Apr. Mav Tune Tuly Aug. Sent.
1 14,900 40,100 6,460 4,290 6,280 3,020
2 13,100 52,600 6,860 3,710 6,280 3,020
3 11,200 53.500 7,080 3.420 6,090 2,880
4 9,860 49,000 6,650 4,000 6,860 2,750
5 8,430 41,900 6,650 4,440 8.900 3,290
6 7,960 36,300 6,280 4,440 8,900 3.850
7 7,510 31,200 . 5,270 4,440 8,430 3,710
8 7,720 27,880 5,390 4,600 7,510 3,420
9 9,620 23,900 4,900 4,600 6,650 3,020
10 11,200 21,000 4,440 4,290 5,910 2,630
11 12,100 18,200 4,290 4,290 5,390 2,140
12 12,100 15,800 4,290 4,440 4,440 1,920
13 11,800 14,900 4,750 4,140 3,850 2,260
14 10,700 14,200 4,900 3,710 3,710 2,750
15 9,860 12,800 4,750 4,140 3,850 2,750
16 9,140 11,800 4,750 .10,700 3,850 2,750
17 9,140 10,400 4,600 13.500 3,710 2,630
18 9,140 9,620 3,710 13,100 3,560 2,380
19 8,900 8,430 3.420 12,800 3,290 2,260
20 8,190 6,860 4,140 12,800 2,880 2,380
21 7,080 6,090 5,060 13,100 2,750 2,630
22 6,090 6,090 6,460 11,500 2,880 2,510
23 5.910 6,090 7.720 9,860 2,880 2,030
24 6,280 6,460 77720 8,430 2,630 1,810
25 7,080 6,650 7,080 7,960 2.260 1,700
26 7,510 6,280 6,860 7,720 2,260 1.590
27 7,720 5,390. 6,460 7,720 2,380 1,700
28 8,660 5.230 5,910 7,080 2,380 1,810
29 11,800 5,230 5,560 6,090 2,510 2,030
30 15.800 5,720 5,060 5,390 2,630 2,140
31 — — — 6.280 --------------- 5.560 2.880 ------------- -
Total 286,500 565,820 167,920 216,260 138,780 75,760
Mean 9,550 18,250 5,597 6,976 4,477 2,525
Ac-ft 568,300 1,122 >000 333:>T00 428,900 275,300 150,300
Calendar year 1962:
Max 84,100 Min 4,380 Mean 22 ,730 Ac- ft 16,450, 000
W ater year 1962 -63:




■'’D ischarge, in cubic feet per second (CFS), w ater year October 1962 
to  September 1963.
Summary, 1928-1963
Location. — Lat. 32° 30' 55", long. 93° 44' 25", in SE 1/4 SE 1/4 se c . 
s e c . 30, T. 18 N . , R. 13 W ., on second pier from east bank, at 
Illinois Central Railroad bridge at Shreveport, half a mile downstream 
from Cross Bayou.
Drainage a rea . —60,613 sq . ml- of which 5 ,936 sq . mi, above Denison 
Dam is  noncontributing.
Records av a ilab le . —August 1928 to September 1963. Daily gage heights 
since May 1873 and discharge interm ittently 1872 to 1905 in reports 
of M ississipp i River Commission.
Average d isch arg e .—35 y ea rs , 25,050 c fs . (18,130,000 ac re -f t. per 
y ea r).
Extremes. —Maximum discharge during year, 59,700 c fs . D ec. 1 (gage 
height, 17.00 f t.) ; minimum 1,590 cfs S ep t. 26 (gage height 4 f57 f t . ) .  
1928-63: Maximum d ischarge, 303,000 cfs Apr. 5 , 1945 (discharge 
measurement); maximum gage height, 37.9 f t .  in  gage w ell, 38 .4  f t . 
from outside gage, April 7, 1945; minimum d ischarge, 690 cfs 
O ct. 30, 1956; minimum gage heigh t, 0 .24 f t. Nov. 9 , 1939.
Maximum stage known, 45.9 f t . ,  present datum, in August 1849.
Remarks. —Records good. Discharge measurements generally made once 
a;w eek. Regulation by Lake Texoma and Texarkana Reservoir.
Cooperation. —G age-height record, 40 discharge m easurem ents, and 
computation of daily discharge furnished by Corps of Engineers;
4 discharge measurements made and records reviewed by Geological 
Survey.
Source: Surface W ater Records of Louisiana (Washington: United
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Month
Figure 5. Monthly Variation of Maximum, Average, and Minimum
Water Temperature Compared to Average Air Temperature, 
Red River at Alexandria, Louisiana, 1953-55.
Source: Roy Newcome, Jr., L. V. Page and Raymond Gloss, Water
Resources g£ Natchitoches fa£lgk, (Baton Rouge:
Louisiana Department of Conservation, Louisiana 
Geological Survey and Louisiana Department of Public 
Works, 1963), p. 105.
60
87 degrees Fahrenheit in July and averaged above 80 degrees for the 
period June through September. At tem peratures of th is magnitude the 
ability  of a stream to hold dissolved oxygen is  significantly  reduced. 
When th is is  added to the fact that annual low flow occurs w ithin ' 
th is period, the ability  of the stream to  sa tisfy  additional B .O .D . 
requirement is  substan tia lly  reduced. Based on th ese  figures it seems 
reasonable to assume that at least a 90-day storage capacity  for con­
centrated w aste water and measures for metering the w aste into the 
stream would be required to insure operations during drought m onths. 
This would be necessary  of the location chosen along the Red River 
w ithin the study a re a . The exact amount of retention area required 
would depend upon the type of plant and the characte ristics of the 
e ffluen t.
Monthly chemical analyses made by the Louisiana Stream Control 
Com mission, for the period 1958-1964, showed tha t d isso lved oxygen
I
levels  for the normal low flow months of July, August, and September 
are quite variab le , with a low of 3 .2  parts per million in  July, 1958,
7
and a high of 9 .5  parts per million in  September, 1963. It also
7This analysis w as made on w ater taken  from the river at 
Highway 2 bridge north of Shreveport, L ouisiana. It is  suspected 
that points south of Shreveport would have significantly  different 
d isso lved  oxygen levels due to  the sewage from the Shreveport,
Bossier City M etropolitan A rea. For th is  reason it is  recommended 
tha t chemical analysis be made on w ater south of Shreveport to deter­
mine the oxygen assim ilating capacity  of the Red River after the intro­
duction of the sewage from the metropolitan area before actual location 
dec'i&'ionS are made. Data are not available for th is section  of the Red 
River at th is  tim e.
6 1
appears:.that for th is period there, has been a general improvement in 
d isso lved  oxygen level over time (Table X). W hether th is is a permanent 
improvement has not been determined.
Table X. D issolved Oxygen Levels in Parts Per Million for.Red River 
at Highway 2 Bridge, 1959-1964
D issolved Oxygen Level PPM
Year Tuly Aua. SeD t.
1958* 3.2  6.5 6.5 4 .6
1959 6.5 5.2 -
1960 6.6 7.0 8 .2
1961 7.2 7.2 8.6
1962 8.0 9.0 8.9
1963 7.5 7.0 7.5
1964 8 .1 8 .9 8 .4
*Two sam ples were taken each month in July and September; none in 
A ugust.
Source; Data co llected  by Louisiana Stream Control Commission .
In addition to variability in the level of dissolved oxygen during 
droughts, the problems of projecting B .O .D . assim ilating capacity  of 
the river based  upon previous flow data is  further complicated by
Q
recent approval of the Red River improvement pro ject. Preliminary 
indications are that th is project w ill greatly affect the flow charac­
te ris tic s  of the river. The exact nature of th is effect is  not available
O
This is  a project that w ill include bank stab iliza tion , and 
development and maintenance of a channel for barge traffic from the 
mouth to a point above Shreveport, Louisiana.
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at this tim e. When th is information is  made available more accurate 
estim ates of the oxygen assim ilating capacity  of the River can be made.
Since there are inadequate data for projecting the oxygen 
assim ilating capacity  of the Red River, the feasib ility  of additional 
processing fac ilitie s  on th is stream w as d iscussed  with a represen ta­
tive of the  Louisiana Stream Control Commission. Data on proposed 
area locations were submitted to the Executive Secretary of the 
Commission for his evaluation . The proposed area locations are shown 
in  Figure 6 in  the section  concerning process water availab ility , page , 
75 . One of the  proposed locations is  in Red River Parish between Lake 
Bistineau and Red River on Loggy Bayou and the other location is  south 
of C lear Lake along Saline Bayou. Data submitted are shown in 
Appendix B. Based on th ese  data it  w as the  opinion of the commission 
representative that w ithin the study a rea , the Red River was the only 
stream which appeared to meet the com m ission's requirement for 
effluent d isposal under present levels of technology for w aste tre a t­
ment. The w aste  dilution and d isposal capacity  of the Red River is  
lim ited. The exact lim itations of the stream are unknown at the 
present tim e; however, it w as indicated tha t two "full-bleach" pulp 
mills with a 500-ton  daily capacity  each , might be located on the 
stream provided they were far enough apart to allow the stream to 
recover to acceptab le levels of d isso lved oxygen and chloride
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content. The representative indicated that the two locations were suf­
ficiently separated to meet th is  requirement.
Upon evaluating the data on the two proposed mill locations it 
was indicated that the commission could not give approval for discharge 
of effluent into a s ta te  stream until immediately prior to the es tab lish ­
ment of a p lan t. However, after studying data for the two proposed 
locations the representative fe lt that th ese  locations could not be 
elim inated from consideration and that it appeared that two 500-ton 
pulp mills could be located on the Red River. The proposals stated tha t 
each s ite  would employ primary clarifiers for the removal of suspended 
solids and tha t fac ilities  would be developed to hold a minimum of 90 
days storage of concentrated w aste  w ater. It w as the opinion of the 
representative that employing th is level of treatment at both sites  
should be suffic ien t, under normal conditions, to prevent excessive 
pollution of the stream . It w as pointed out, however, that additional 
w aste treatm ent would be required at a future date if a pollution 
problem should develop or if the mill capacity  were to be significantly 
increased at either location .
It w as also  suggested tha t if unbleached pulp were the final 
product, significantly  higher capacity  mills could be estab lished .
g
The "fu ll-b leach" process produces much greater amounts of 
w aste per ton of pulp produced than would resu lt from a mill of the 
same capacity  producing an unbleached product.
If unbleached pulp is  produced the B .O .D . requirement is  reduced to 
about 32 pounds per ton of p ro d u c t.*0 According to the analysis of 
flow rates and oxygen content of the Red River it  appears that two 
m ills, with a daily capacity  of approximately 850 tons of unbleached 
pulp each , would be feas ib le .
In summary, it is  apparent tha t location s ite s  for additional pulp 
processing fac ilities  in the Northwest Louisiana area are severely 
restric ted  by the absence of stream with flows large enough to ade­
quately dilute the quantities of w aste  tha t resu lt from large sca le  
pulp production. The most promising potential for w aste disposal is  
the Red River. No other stream , under present conditions, has ade­
quate flow to handle the additional effluent from a 500-ton kraft pulp 
m ill, either bleached or unbleached. Based on flow analysis and 
consultation with represen tatives of the Louisiana Stream Control 
Commission, it appears p lausib le tha t two 500-ton full-bleach or 
two 850-ton unbleached pulp mills could be located at separate sites; 
one in the general v icinity  of Loggy Bayou in Red River Parish near 
East Point,. Louisiana and the second in the Saline Bayou vicinity 
near C larence, Louisiana in N atchitoches P arish . The remainder of 
th is study w ill only consider th e se  two lo ca tio n s .
^N icho lus J. Laidieri, "Pulp and Paper Mill Pollution Load 
F acto rs,"  Technical Papers Presented at , the 1956 Annual Meeting of 
Members and Symposium on W aste Treatment of the National Council 
for Stream Improvement, Inc . (New York; Technical Bulletin No. 81, 
April, 1956).
CHAPTER V
WATER REQUIREMENTS FOR PULP PROCESSING AND 
AN EVALUATION OF PROCESS WATER RESOURCES 
IN NORTHWEST LOUISIANA1
One of the most important factors affecting the feasib ility  of 
a particular location for pulp processing fac ilities  is  the availability  
of process water in sufficient quantity and of adequate quality . W ater 
is  used for many purposes in the manufacture of pulp: as process water 
for cooking wood chips to make pulp; as a medium for heat transfer; 
and, for washing the pulpwood, the wood pulp, and the machines that 
handle-the pulp. W ater is  also  used to produce e lec trica l power at 
mills which generate the ir own e lec tric ity .
Q uantitative W ater Requirement
Although there is  a considerable amount of variation between 
the w ater requirements for existing su lfate processing fac ilities  it 
can be safely  sta ted  tha t th ese  requirements are very la rge . A study 
undertaken in  1939 by the Technical A ssociation of the Pulp and Paper 
Industry reported a variation of ten  to one between the maximum and
^ h e  author has drawn heavily from a study by Orville G .
M ussey, W ater Requirements of the Pulp and Paper Industry 
(W ashington, D. C .:  United S tates Government Printing O ffice, 
G eological Survey W ater-Supply Paper 1330-A, 1961), for information 
concerning w ater requirement for pulp processing .
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minimum amount of w ater used to  produce a particular kind of pu lp . 2
The amount of w ater used in bleaching pulp is  even more variable,
with the maximum being 13 tim es as great as the minimum. Data from
a report published by the National A ssociation of Manufacturers and
Conservation Foundation showed that the sulfate process required
approximately 70,000 gallons of w ater to  produce a ton of p u lp .3 The
California Forest and Range Experiment Station reported the following
w ater use values:





The report also indicated tha t industry requirements would be somewhat
higher. ^
The National Council for Stream Improvement of the Pulp and 
Paper, and Paperboard Industry reported that kraft (sulfate) pulping 
requires 10,000 to 20,000 gallons per ton of pulp. One third of this
t
amount can be sa lt w ater and another third can be paper machine
^Industrial W ater for Pulp . Paper, and Paperboard M anufacture, 
(Quebec: Technical A ssociation of the Pulp and Paper Industry, TAPPI 
M ona.Ser., 1942), p . 1.
W ater in Industry (New York: National Association of 
M anufacturers and Conservation Foundation, 1950).
4M ussey, o p . c l t . . p . 29.
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overflow. Bleaching of kraft pulp requires 30,000 to 50,000 gallons 
per ton depending on the degree of b leach . Paper and paperboard 
manufacture from pulp requires 5,000 to  15 ,000 gallons per ton of 
paper. ^
Using the estim ates of w ater requirements made by the National 
Council for Stream Improvement of the Pulp and Paper, and Paperboard 
Industry, a sulfate mill with a 24-hour pulping capacity  of 500 tons, 
producing unbleached pulp, would require from 5 to 10 million gallons 
of w ater per day. The same size  m ill, producing bleached sulfate 
(kraft) pulp, would require from 20 to 35 million gallons of w ater per 
day.
The figures above reflect improved efficiency in w ater use above 
that reported by the U .S .  Geological Survey conducted in 1951. How­
ever, it is  reasonable to assum e that any new plants could be more 
efficient than the average of older model plants that were reported in 
the 1951 survey.® This is  due to  the development of w ater reuse 
technology which can now be employed. M ussey s ta te s i
Representatives of the pulp and paper industry seem 
to be confident that necessity  w ill find a way to make 
pulp and paper with le ss  and le s s  w ater as general indus­
tr ia l expansion makes it  difficult to obtain as  much w ater 
for each ton of product as is  used at the present time . . .
5Ib id . , p . 30.
I b id . , pp. 41-44.
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There is  reluctance to  change estab lished  patterns of 
successfu l pulp and paper mill operation even when ex ces­
sive amounts of water are being used . . .
Summarized the present tendency seems to be toward 
the use of water of better quality in sm aller amounts per 
ton of product, except for bleaching, for which w ater of 
better quality in greater amounts per ton of product is  being 
u se d .'7
From the d iscussion  above it is  obvious tha t process w ater re ­
quirements for a given size  plant are both large and v ariab le . For 
purposes of th is study, the requirements are assum ed to  be 20,000 
gallons per ton of unbleached pulp and 70,000 gallons per ton of
Q
bleached pulp. These are the quantitative process w ater criteria used 
in evaluating plant locations in th is  study. These criteria  would not 
necessarily  apply for p rocesses which make more efficient use  of w ater.
Q ualitative W ater Requirements
In addition to the tremendous quantity of w ater requ ired , there 
are several qualitative factors that influence the su itability  of water 
for pulp production. Natural w aters are almost always polluted to 
some ex ten t. Some of the more important quality characte ristics and 
their detrim ental effects with respect to pulp production are d iscussed  
briefly below . Quality specifications for process w ater and quality
^I b id . . pp. 66-67.
O
°For a more detailed  d iscussion  of process w ater requirements . 
see  reference given in footnote 1, page 65.
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characteris tics  of w ater available in the study area are d iscussed  la ter 
in th is sec tio n .
Turbidity
Turbidity in w ater is  caused by the presence of small partic les 
such as c lay , s i l t ,  sand or organic m atter. Turbidity causes a lo ss 
of brightness and darkens the color of white or tin ted  paper. It is 
normally expressed as parts per million of s ilica  (SiC^).
Color
Color as a w ater quality characteristic  refers only to m aterials 
d issolved  in the w ater and not to the appearance caused by suspended 
m atter. Color can cause a loss of brightness in white or light finished 
paper or, if caused by organic m atter, it can contribute to slime forma­
tion .
Hardness
H ardness is  caused almost entirely by the presence of calcium 
and magnesium compounds. Because of low solubility , calcium and 
magnesium carbonate precipitate when w ater is  heated and cause scale 
which is  detrim ental to pulping equipment. Calcium carbonates in 
alkaline b leach tanks form a colored scale  which contam inates the pulp. 
Compounds tha t cause hardftess in w ater form insoluble sa lts  w ith 
resins and th ese  sa lts  are objectionable in alpha cellu lose pulps such 
as those used in making rayons and p la s tic s .
7 0
Iron and manganese
These two elem ents are very sim ilar in their behavior. C ellulose 
absorbs iron from dilute solutions which yellows white paper and dulls 
colored paper. M anganese is  oxidized to form permanganate in  the 
bleaching process and produces a pink color. Oxides of manganese 
may form and clog p ip es. Certain bacteria  utilize iron in the ir growth 
process and these  bacteria  produce a growth of objectionable slim e.
Carbon dioxide
Free carbon dioxide lowers the pH of the w ater which fac ilita tes  
corrosion. It also  may have a physical effect on the paper such as 
sheet formation on the paper m achine.
Chloride
Chloride is  not particularly detrim ental to the pulping process 
itse lf  except a large amount of chloride may indicate excessive mineral 
content. Chlorides are corrosive to metal which in turn can add iron 
to the w ater and increase  maintenance c o s ts .
Alkalinity
The presence of carbonates and bicarbonates in process water 
causes a lkalin ity . An additional expense must be incurred to neutra­
lize the alkalinity  to  acceptable le v e ls .
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Hvdrogen-ion concentration (pH)
Hydrogen-ion concentration is  a measure of the degree of acidity 
and is  an index of the corrosive properties of w ater. Neutral water 
has a pH of 7 .0 , w hile the pH of most natural w aters ranges from 6 .0  
to 8 .0 . Values decreasing below 7 .0  indicate increasing acidity while 
values progressively higher than 7 .0  denote increasing a lkalin ity .
Table XI contains specifications for the chem ical composition of 
process w ater as set by the Technical A ssociation of the Pulp and Paper 
Industry for the manufacture of sulfate kraft pu lp .
It is  in teresting and important to note tha t the maximum require­
ments for process water are apparently very stringent. However, 
Mussey reported!
With the exception of color, the median quality value of 
untreated w ater supplies for the pulp and paper industry were 
found to  be generally much higher than is  indicated as per­
m issible in  the specification  for process water set up by the 
Technical A ssociation of the Pulp and Paper Industry . . .  It 
is  customary to  improve the quality of most w ater used for 
processing and boiler feed together and then further improve 
the quality of boiler w ater. In some in s tan ces , the different 
qualities of w ater required may be partly met by use of differ­
ent so u rces , but frequently only one source of supply is  
availab le and treatm ent problems are in te n s if ie d .. .  Most of 
the w ater used by the industry is  obtained from surface-w ater 
sources tha t are subject to  seasonal variation in chemical 
c h a ra c te ris tic s .
The data supporting M ussey 's observation are contained in Table XII. 
Mussey ind icates tha t w ater of substantially  lower quality than that
9I b id . , p .  66.
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Table XI. Specifications for Chemical Composition, of Process W ater 
for Manufacture of Sulfate Pulp and Paper3
Kraft (sulfate) paper
Constituent or property Bleached Unbleached
Turbidity
Color
Total hardness as CaC03 





Free carbon dioxide as C 0 2
Chloride (Cl)b











1 0 0 . 0







1 0 . 0
200 .0
aFrom ten tative standards estab lished  by the Technical A ssociation of 
the Pulp and Paper Industry. These specifications should be con­
sidered only as guides in determining the quality of w ater needed for 
manufacturing the pulps and paper in d ica ted . Maximum allowable 
amounts in parts per m illion.
^Limits for chloride are- for the purpose of decreasing corrosion in the 
metal parts of the manufacturing system . For fine paper the chloride 
is  lim ited by the maximum for d issolved  so lid s .
Sources Orville G . M ussey. W ater Requirements of the Pulp and Paper
Industry (W ashington, D. C .:  U . S .  Government Printing Office, 
G eological Survey W ater-Supply Paper 1330-A, 1961), p . 39.
Table XII. Summary of Minimum, Median and Maximum of Selected 
Physical and Chemical Properties of Untreated Pulp and 
Paper Process Water;from a Sample of Pulp M ills Producing 
11 Percent of the National O utput, 1951.
Chemical or property Minimum Median Maximum
Iron (Fe) 0 .0
- -PPM -  -  -  
0.05 2.6
D issolved solids 18.0 150.00 1,080.0
Total hardness (as CaC0 3 ) 0 .0 53.00 475.0
Color 2 .0 12.00 360.0
rh 4 .6 7.20 9.4
Turbidity Trace 4.00 55.0
Average temperature (F°) 51 .0 58.00 89.0
Source: Orville G . M ussey. W ater Requirements of the Pulp and Paper 
Industry (W ashington> D .C.: U . S. Gcjyernment Printing Office, 
G eological Survey Water-Supply Paper 1330-A, 1961), pp. 30, 65.
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specified by the Technical A ssociation of the Pulp and Paper Industry
can be and, in fac t, is  used in the pulping p r o c e s s e s .^
Relatively high quality w ater is  required for purposes such as 
boiler w ater. However, w ater of substantially  lower quality can be 
used.for purposes such as cooling, washing pulp, moving chips and 
debarking operations. W ithin a given p la n t, water of varying quality 
can be used . Normally the larger quantities of w ater are taken from 
surface sources. Some untreated ground w ater can be used for cooling 
but often substan tia l water treatm ent is  required in order to use ground 
w ater for pulp p rocessing . W ater from varying sources can be mixed 
in order to obtain acceptable quantities and qualities of process w ater.
Process W ater Availability W ithin the Study Area
Due to w aste  d isposal requirements it appears that locations 
which can not discharge w aste , either directly  or indirectly into Red 
River, can logically  be elim inated from consideration. For th is  reason 
the analysis of w ater availab ility  was narrowed to include only those 
areas where the effluent can reach the Red River, and adequate surface 
water is  ava ilab le .
Although the Red River furnishes large quantities of w ater, the 
varying quality , particularly  the high mineral content, restric ts its
10Ibid.
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use for industrial pu rposes. The w ater is  generally held to be unsuited 
for pulping uses other than for coolingi qr once-through p ro c e s se s .11 
Based upon industry specifica tions, w ater of a higher quality is  required 
for pulp processing than that provided by the Red River.
There are two sources of surface w ater that meet quantitative 
and, in general, qualita tive requirements for pulp processing water in 
the vicinity of the Red River. These are two man-made lakes; Lake 
Bistineau located in Bossier and W ebster P arishes , and the Black, Clear 
and Saline Lake complex located in N atchitoches Parish, Figure 6.
Large quantities of high quality w ater are present at both of these loca­
tions . The two sources mentioned above were se lec ted  for more detailed 
analysis because they appear to  be the most p lausible from the stand­
point of water quality , quantity and centralized  location with respect to 
pulpwood supplies as  w ell as effluent d isposal considerations. Figure 6 
also shows some of the highw ays, ra ilroads, gas lin e s , lak es , streams 
and towns in and around the two a re a s .
Lake B istineau1^
Lake Bistineau has a drainage area of 1,410 square m iles. On 
the b asis  of daily stream flow records, since 1936, on Bayou Dorcheat
^R oy Newcome, Jr. and Leland V. Page, W ater Resources of Red 
River Parish Louisiana (W ashington, D. C .;  U . S .  Government Printing 
Office, Geological Survey W ater-Supply Paper 1614, 1962), p . 84.
12Analysis of w ater quantity of Lake Bistineau was conducted by 
the Hydraulics Section, Louisiana Department of Public W orks.
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Figure 6. Location of Two Areas for Potential Pulpmlll Sites in 
Northwest Louisiana.
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near Minden, Louisiana, with a drainage area of 1,097 square m iles, 
inflow to the lake ranged from zero to  a peak estim ated to be approxi­
mately 50y000 cubic feet per second. The average inflow w as e s t i­
mated to be 900,000 ac re -fee t per year. This represents an average 
of about 1,250 cubic feet per second or about 800 million gallons per 
day for the 28-year period.
The crest elevation of the Lake Bistineau spillway is  141.0 mean 
sea level (MSL) which is  the permanent pool s tag e . The lake area at 
th is  stage is  17,200 acres with 105,000 ac re -fee t of w ater impounded 
or about 34,214 million gallons of w ater.
Records shpw that evaporation lo sse s  may lower the lake about
1.5 feet during prolonged dry periods. Computations show that th is
lowering can be expected.by a recurrence of the  six-month dry period 
experienced from July through December, 1954.
Figure 7 shows the effect which could be expected at the end of 
a six-month dry period on the lake stage for various rates of w ith­
draw al. During th is  six-month dry period a daily withdrawal of 10 
million gallons would lower the lake stage to about 139,1 feet or about 
six  inches below the level that would resu lt from normal evaporation. 
The 10 million gallon withdrawal per day would approximate expected 
use of a pulp mill with a 24-hour capacity  of 500- tons of unbleached 
kraft pulp. A 500-ton fu ll-b leach  mill would use about 35 million
gallons per day and withdrawal of th is  quantity from the lake would 
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Figure 7 . Lake Stage vs. Withdrawal Rates for Lake Bistineau 
During 8ix-Month Period, July-December, 1954.
Source: Prepared by the RydxaullcsSection, Louisiana
Department of Public Works, Baton Rouge, Louisiana.
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It is  apparent from these  data that there is  an ample quantity of 
water present in Lake Bistineau to  supply either a 500-ton unbleached 
or full bleach m ill. It should be added th a t th is  source of water is not 
developed for industrial use a t present and use of th is  lake is  regulated 
by the Lake Bistineau Game and Fish Commission. Use of water from 
th is source would require approval of the commission under existing 
circum stances.
The discharge from Lake Bistineau is  carried to  the Red River by 
Loggy Bayou and during periods of low flow in Loggy Bayou, water from 
Red River backs into the bayou and reduces water quality  in th is stream.
If th is bayou is  used to  flow w ater from Lake Bistineau to a mill s i te , 
i t  would be necessary  to elim inate contamination from th is back water.
Table XIII shows qualita tive process water requirements for su l­
fate pulp processing and the quality  characteristics analyses of potential 
sources of process w ater in  the Lake Bistineau a rea . Data are not avail­
able on a ll quality ch a rac te ris tic s  of water in Lake B istineau. However, 
data tha t are availab le ind icate  tha t water from the lake is  satisfactory 
for manufacturing both bleached and unbleached pulp. Before any
location decisions are fina lized , ana lyses of the unmeasured proper-
l
tie s  and characteristics should be made. I t seems unlikely tha t the 
undetermined quality ch arac te ris tic s  (turbidity, color, CaCC>3 , Manga­
n ese , and free 0 0 $  would be such tha t would render Lake Bistineau an 
unsatisfactory  source of process w ater. Analysis of these  undetermined 
quality characte ristics is  beyond the scope of th is study. It seems a safe
Table XHI. Q ualitative W ater Requirements and Q uality C haracteristics of Potential Sources of Process 









High Low Mean High Low
Only one 
Mean analysis
Turbidity 40.0 100.0 * * *
** * * *
Color 25.0 100.0 * * * * * * 10.00
Total harness as  CaC03 100.0 200.0 464.00 32.00 208.00 101.00 41.00 70.000 492.00
Alkalinity as  CaCC^ 75.0 150.0 * * * * * * *
Iron (Fe) .2 1.0 1.10 .00 .29 0.09 .00 .027 4 .60
M anganese (Mn) .1 .5 * * * * * * .17
S ilica  (Si02) 50.0 100.0 14.00 4 .00 8.40 23.00 0.00 10.500 24.00
D issolved solids 300.0 500.0 817.00 61.00 401.00 209.00 115.00 189.000 652.00
Free carbon dioxide as C 0 2 10.0 10.0 * * * * * * 23.00
Chloride (Cl) 200.0 200.0 308.00 18.00 141.00 146.00 44.00 90.000 38.00
pH -  minimum pH 
Dependent on a combination 
of factors
8 .00  6.10 7.60 7.10 6.00 6.600 7 .60
*Data not availab le .
Source: Data on Loggy Bayou and Lake Bistineau were extracted from S . F . Kapustko, Chemical Composi­
tion of Surface W aters of Louisiana 1943-1958 (Baton Rouge: Louisiana Department of Public 
W orks, May, 1964), pp. 137-147.
Data on Subsunface'water— Roy Newcome, Jr. and Leland V. Page, W ater Resources of Red River 
Parish Louisiana (W ashington, D . C .:  U . S . Government Printing O ffice, G eological W ater 
Supply-Paper 1614, 1962), p . 112.
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assum ption, however, tha t minor w ater treatm ent would correct any 
undesirable quality characteristic  tha t might be revealed by a com­
plete quality an a ly sis .
The chem ical composition of w ater taken from Loggy Bayou is 
quite variab le , depending on the degree of contamination by back 
w ater from the Red River. This variability  ranges from very high quality 
w ater to completely unacceptable levels of contamination as shown in 
Table XIII. If measures were applied to prevent back water contamina­
tion then the quality  of th is  stream would be substantially  improved.
The most productive reservoir of ground w ater in the area , and 
the one for which most data are av a ilab le , is  the extensive sand 
qquifer underlying the Red River flood p la in . The water bearing sand 
measures 40 feet in th ickness and covers an area of approximately 160 
square m iles. It is  covered by clay and s ilt averaging 40 feet in th ick­
n e s s . Texture of the sand ranges from very fine sand to gravel. W ater 
obtained from th is  sandis..;very hard and of the calcium magnesium 
bicarbonate type with a high concentration of iro n . The aquifer is 
recharged by both seepage from rainfall and upward seepage of water 
from underlying tertiary  sa n d s . It appears tha t properly constructed 
and developed w ells in the  alluv ial sarid w ill yield 500 to 1,500 
gallons per m inute. Because of poor quality  of w ater from th is source, 
treatment would be necessary  for most industria l u se s . *3 Small to
13Ibid.. pp. 62-63.
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moderate supplies of soft water are availab le  to a depth of 150 fee t. 
Probable maximum yield from the la tte r source is about 100 gallons per 
minute from 4 inch w ells . 14 These two aquifers constitu te the major 
sources of subsurface water in the Lake Bistineau area . Locations of 
th ese  two aquifers within the study area are shown in Figure 10.
Because of inferior quality of the w ater from the aquifer underlying the 
Red River Flood Plain and inadequate quantities from sands containing 
soft w ater, these  sources probably should be considered only as sup­
plemental to surface sources.
Black Lake. C lear L ake. Saline Lake Complex
Black Lake, C lear Lake and Saline Lake are man-made lakes located 
in Natchitoches P arish . C lear Lake and Black Lake are two sections of 
the same body of water while Saline Lake is  a separate impoundment 
located adjacent to and to the east of Black and C lear Lakes. The 
primary source of water entering Black and C lear Lakes is  Black Lake
Bayou, while the primary source of w ater entering Saline Lake is  Saline 
15Bayou.
14I b id . . p . 19.
^ T h is  is  pointed out because the quality  of w ater in Saline Lake 
is  influenced by concentrations of potassium , sodium and chloride 
during low flows of Saline Bayou w hile the w ater entering Black Lake is  
low in dissolved so lid s, hardness and chloride and generally of good 
quality . See, Ray Newcome, J r . , Leland Page and R. G loss . W ater 
Resources of Natchitoches P arish . Louisiana W ater Resources (Baton 
Rouge, Louisiana: Department of Public W orks, W ater Resource 
Bulletin No. 4 , 1963), pp. 104-105.
Combined, Black and C lear Lakes have a drainage area of 920 
square miles and encompass an area of 13,800 a c re s . These lakes 
have a volume of 109,000 acre feet or about 35,518 million gallons at
99.5 feet (MSL) elevation . Inflow data are not available on Black Lake, 
however, available data indicate that evaporation lo sse s  reduce the 
lake stage about 13 inches during extended dry p e r io d s .16 Figure 8 
shows the stage reduction that can be expected by a recurrence of a 
seven-month dry period sim ilar to  that experienced from June to 
December, 1948 assuming varying rates of w ithdraw al. The withdrawal 
of 10 million gallons per day would lower the water level about seven 
inches. Removal of 35 million gallons per day would lower the water 
level about 18 inches below the level th a t would be reached from 
evaporation alone. From th is ana lysis it appears that Black Lake
could provide an adequate supply of w ater to support either a 500-ton
•
unbleached or fu ll-b leach mill without d rastically  affecting the water 
level in th is lake.
Saline Lake has a drainage area of 420 square m iles. At an 
elevation of 102.5 feet (MSL) it covers an area of 8 ,350 acres and 
has a volume of 52,000 acre feet or about 17,000 million gallons. 
Drawdown for various rates of withdrawal is  shown in Figure 9 . This 
figure shows that during the drought period from May, 1943 to
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Figure 8. Lake Stage vs. Drawdown Rates for the 
Black Lake, Clear Lake Complex During 
the Seven-Month Period, June "December, 
1948.
Source: Prepared by the Hydraulics Section, Louisiana
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Figure 9. Lake Stage vs. Drawdown Rates for Saline 
Lake for the Nine-Month Period, May, 1943 
to January, 1944.
Source: Prepared by the Hydraulics Section of the
Louisiana Department of Public Works, Baton
Rouge, Louisiana.
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January, 1944 withdrawal of 10 million gallons per day would have 
reduced the lake stage by approximately 9 .3  inches w hile withdrawal 
of 35 million gallons per day would have lowered it by about 44 
inches.
Those w ater quality characteristics measured by the U . S .  
G eological Survey and published by the Louisiana Department of 
Public Works are shown in Table XIV along with corresponding require­
ments for sulfate pulp process w ater. ^  Although not a ll appropriate 
quality characteristics were m easured, those that were measured indi­
cate  that the water from both sources appears su itab le for manufactur­
ing unbleached pulp. However, the levels of iron present in the water 
of both lakes is  slightly above specified requirements and may require 
some treatment if higher quality  bleached pulp is  produced.
If only one of the two sources is  to be developed, the Black 
Lake -  C lear Lake area would be more desirable from the standpoint 
of the effect of drawdown during drought periods. Also, contamination 
from dissolved m inerals, which appear during periods of low flow on 
the stream feeding Saline Lake, could make th is lake slightly  less
17It should be noted that not a ll appropriate quality  charac­
te ris tic s  have been measured and tha t only one chemical analysis 
•has been completed on w ater from Saline Lake. Therefore, confidence 
in the implications made in th is section  is  weakened by th e  possibility 
that repeated complete analysis of w ater from th is  source could yield 
different conclusions with respect to  quality su itab ility . However, 
there is  no reason to expect that the one chem ical analysis did not 
give realiable re su lts .
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Table XIV. Q ualitative W ater Requirements for Sulfate Pulp Processing 
and Quality C haracteristics of W ater in Black Lake, Clear 









-Parts per million —  
100.0 * *
Color 25.0 100.0 * *
Total hardness as CaCOg 100.0 200.0 11.00 14.00
Alkalinity as CaCOg 75.0 150.0 * *
Iron (Fe) .2 1.0 .44- .58
M anganese (Mn) .1 .5 * *
Silica (Si02) 50.0 100.0 7.60 7.00
D issolved solids 300.0 500.0 45.00 37.00
Free carbon dioxide as COg 10.0 10.0 * *
Chloride (Cl) 200.0 200.0 12.00 7.20
pH -  minimum pH is  dependent 
on a combination of factors — — 6.30 5.70
a
Black Lake and C lear Lake are two sections of the same body of w ater.
*Quality characte ris tic , property or constituent not m easured.
Source: S . F. Kapustko, Chemical Composition of Surface W ater of 
L ouisiana. 1943-1958 (Baton Rouge: Louisiana Department 
of Public W orks, May, 1964), pp . 144-145.
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suitab le  from a w ater quality standpoint than the Black Lake-Clear Lake 
18a rea . In a supplemental ro le , Saline Lake could significantly 
increase  the amount of water available for expansion of mill capacity 
or emergency u s e , or if w ater were used sim ultaneously from the two 
lakes then drawdown could be considerably le ss  in  both bodies of 
w a te r .
The use of both the Black Lake, C lear Lake and Saline Lake is  
controlled by the Northwest Louisiana Game and Fish Commission and 
approval by th is  commission would be necessary  if th ese  lakes were 
Used for industria l purposes.
Lack of data makes it difficult to  ascerta in  the quantity or 
quality  of ground water in the v icinity  of the lakes mentioned above. 
Newcome, Page and G loss sta te :
N atchitoches Parish p o sse sse s  plentiful but largely 
undeveloped supplies of ground w ater availab le for m unicipal, 
industria l, and irrigation u se s . Although the permeability of 
some aquifers are low, th ickness of w ater baring beds and 
large available drawdown combine in p laces to provide ample 
quantities of water for many u se s . Development of ground 
w ater resource should follow testing  programs and should 
be based on a proper consideration of the depth of fresh water 
occurrence, th ickness and permeability of w ater bearing sands, 
available drawdown and expected y ie ld s . 19
There are several w ater bearing sands in the v ic in ity . The loca­
tions of th ese  sands within the study area are shown in Figure 10.
18Newcome, Page and G lo s s , op. c i t . , pp. 104-105. 
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Figure 10. Ground Water Availability in Northvest Louisiana.
Source: J. R. Rollo, Ground Water in Louisiana. (Baton Rouge:
Louisiana Department of Conservation and Louisiana 
Department of Public Works, 1960), plate 4.
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This figure p rese n ts , in a general manner, the availability  of ground
w ater w ithin the  study area . In Figure 10 areas in the proximity of
the Black Lake-C lear Lake, Saline Lake complex are designated as
1A, 2, 3A and 4A and Rollo describes their characteristics as follows:
Region 1A -  This area includes much of north-central 
L ouisiana. Large supplies of w ater are ava ilab le , chiefly 
from the Sparta sand . W ells generally are 100 to 900 feet 
deep, and most large-diam eter w ells yield 200 to 1,200 
gpm; the la rgest known yield  is  about 2,000 gpm. W ater 
levels generally  range from 40 to 125 feet below the land 
su rface , dependent chiefly on the altitude of the land 
surface and the  local drawdown of w ater levels caused 
by pumping from w e lls . W ater levels have declined to 
as  much as 240 feet below the land surface in local areas 
of heavy w ithdraw als, such as Monroe.
Region 2 -  Small to moderate quantities of soft water 
generally  are availab le  from deposits that range in age 
from Paleocene to Q uaternary. The region is composed 
of several separate  areas in northwestern and central 
Louisiana. W ells generally are not more than 300 to 400 
feet deep and have y ie lds that range from a few gallons 
per minute to  about 500 gpm.
Region 3A -  W ells in  these  areas in the Red River Valley 
yield w ater from alluv ial deposits of Quaternary age and 
from underlying deposits tha t range in age from Paleocene . 
to M iocene. W ells in  the alluvium seldom are more than 
150 feet deep . These w ells have yields of as much as 
1,300 gpm of hard w ate r. W ater levels in the alluvial 
deposits generally  are 20 to 30 feet below the  land surface.
The underlying older deposits contain soft water but w ells 
generally  y ield  small to moderate q uan titie s . W ells in the 
northern part of the valley  generally are shallow , but some 
w ells in  the Alexandria area are about 1,200 feet deep.
Yields of w ells  in the northern part of the valley range from 
a few gallons per minute to  about 200 gpm. The average 
y ield in  the Alexandria a rea , however, is  about 400 gpm.
W ater levels  throughout most of the area generally are 20 
to  30 fee t below the land surface . In the Alexandria area 
concentrated w ithdraw als have lowered w ater levels to about 
150 feet below the land surface.
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Region 4A -  W ells in the Quaternary Valley deposits in the 
M ississipp i River and Red River valleys yield, moderate to 
large quantities of hard w ater. W ells generally are 200 feet 
or le ss  in depth and y ields range from 250 gpm to more than 
4,000 gpm. S tatic  w ater levels are w ithin 30 feet of the 
land surface throughout the area.^O
It appears that there is  a possib ility  of developing subsurface 
water for use in pulp processing in th is  region; however, since these  
water sources are largely undeveloped, data are inadequate for draw­
ing firm conclusions. Extensive testing  v^ould. be required before the 
quantity and quality of th is w ater, or the feasib ility  of developing i t ,  
could be determ ined. This ta sk  is  beyond the scope of th is  study.
Summary
i
Data presented in th is  chapter show that th e  quantitative water 
requirement for a sulfate pulping facility  with a 24-rhour capacity of 
500 tons is  both large and variab le . A reasonable estim ate of th is 
requirement and the one used for purposes of th is  study is  10 million 
gallons per day for unbleached pulp and 35 million gallons per day for 
bleached pulp.
Published qualita tive requirement for sulfate pulp process water 
are rigid, however, there is  evidence to indicate that w ater 6f sub­
stan tia lly  lower quality is  used by existing processing fa c ilitie s .
20J . R. Rollo, Ground W ater in Louisiana (Baton Rouge: 
Louisiana Department of Conservation, Louisiana G eological Survey 
and Louisiana Department of Public W orks, 1960), pp. 49-53.
Evidently, water of varying quality can be used by either mixing it 
with higher quality water from other sources or treating it mechani­
cally  or chemically to improve its  undesirable c h a ra c te ris tic s .
A study of process w ater available in  the study area indicated 
two area locations which can provide an adequate supply of process 
w ater and meet the other se lected  requirements of su lfate  pulp 
processing . One is  immediately south of Lake Bistineau in Bossier 
and W ebster Parishes and the other in the vicinity  of Black, C lear 
and Saline Lakes in N atchitoches P arish . Both of th e se  areas offer 
large quantities of high quality w ater from man-made lakes which 
appear su itable for su lfate pulp processing and lower quality water 
from other surface and subsurface so u rce s . These data indicate 
tha t the iron content in the man-made lakes in N atchitoches Parish 
is  slightly  above specified requirements for bleached sulfate pulp 
production and may require some treatm ent if used to produce high 
quality bleached pulp . Both locations are quite sim ilar in w ater 
availability  and quality characte ris tics  and , with the exception of 
the difference in iron content there appears little  if any location 
advantage to either location with respect to  availab ility  of process 
w ate r.
CHAPTER VI
ADDITIONAL FACTORS INFLUENCING PULP MILL LOCATION
In addition to the availability  of an economical supply of pulp- 
wood, an abundant supply of process w ater, and a means for disposing 
of large quantities of pulp mill w aste  effluent, there are other factors 
that must be considered in locating a pulp processing fac ility , e s ­
pecially  if alternative locations are comparable with respect to wood 
supply, w ater supply and w aste  d isp o sa l. Some of the more important 
factors are an adequate transportation network which w ill enable the 
raw m aterials to  be economically assem bled at the mill s i te , ava il­
ability  and cost of power and availability  of labor. In th is chapter 
information is  presented concerning these  factors as they pertain to 
the location of pulp processing fac ilitie s  w ithin the study a rea .
Availability of Transportation
A b asic  requirement, for pulp mill locations is  an adequate 
transportation system , both to economically assem ble the raw 
m aterials at the mill s ite  and to move finished products to d istan t 
m arkets. Highway, rail and w ater transportation can a ll be used in 
varying combinations to sa tisfy  th is  requirem ent.
Northwest Louisiana has both a highway system  and a railroad
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network which can satisfy  transportation requirements for both poten­
tia l  mill locations considered in th is study .
Highways
The sta te  maintained highway system  in the study area is  shown 
in  Figure 11. The area highway system consists  of 11,748 miles of 
s ta te  and locally  maintained roads, with 2,911 miles c lass ified  as 
earth roads. The s ta te  maintains 3,698 miles of roads in the study 
area of which 2,387 miles are asphalt type and 255 are concrete sur­
fa c e s . Parish road mileage by surface type is  shown in Table XV. 
Data in  Table XV and Figure 11 reveal the uniformity of the highway 
system  throughout a ll p a rish e s , making most woodlands easily  
a c c e ss ib le . In addition to  sta te  and locally maintained roads, it 
is  important to note that a large percentage of th is  area w as, at one 
tim e, composed of small farms which had many on-farm roads, a 
large number of which remain. These remaining on-farm roads could 
be of significant value for harvesting pulpwood in the a re a .
Rail
Large quantities of pulpwood move over the existing rail n e t­
work in  Louisiana. This ra il system  is  shown in Figure 12. It is  
important to note that ra il service is  rather uniform and complete 
throughout the a rea . In addition to uniform coverage, Louisiana 
a lso  enjoys favorable pulpwood freight ra te s . These rates for 1965
94
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Figure 11. The S ta te  Maintained Highway System of Northwest Louisiana.
Source: Map of Louisiana showing S ta te  maintained Highways, prepared by
the Louisiana Department of Highways.
Table XV. Highway M ileage M aintained by Louisiana Department of Highways and Local Rural Road M ileage 
by Surface Type, 13 Parishes, Louisiana, 1965.
S tate maintained highways   Local rural roads
S tabilized
surface.
In tersta te  gravel, sh e ll, Asphalt
Parish Gravel Asphalt Concrete concrete ,;Earth iron, o re, etc . types Concrete Total
Bienville 4.32 316.02 ..5.48 20.25 209.40 320.70 50.50 926.67
Bossier - 235.34 19.30 - 79.30 292.10 146.60 1.30 773.94
Caddo 5.84 271.08 77.60 6.53 181.30 109.90 302.40 3.20 957.85
Claiborne - 277.63 8.07 - 299.00 363.50 119.70 - 1,067.90
DeSoto 19.75 234.61 27.97 - 385.10 211.40 37.50 0.40 '.916.73
Jackson 8 .90 201.95 3.35 - 191.80 237.60 11.30 - 654.90
Lincoln 4.99 260.10 0.44 27.36 8.60 275.90 139.30 - 716.69
N atchitoches 43.57 348.20 19.17 - 376.70 411.40 55.60 0.30 1,254,94
Red River - 171.21 7.56 - 66.00 170.50 34.10 - 449.37
Sabine 32.73 210.15 7.10 - 444.20 323.60 26.10 - 1,043.88
Union - 256.58 1.94 - 289.00 554.90 82.10 - 1,184.52
W ebster - 211.32 6.87 12.96 66.50 208.70 239.70 2:UQ 748.25
W inn 35.63 292.89 2.84 — 314.00 386.80 20.40 — 1,052.56
Total 155.73 3 ,287.08 187.69 67.10 2 ,911 .00 3 ,867 .00 1,265.30 7.30 11,748.20







Lake ~  
Charles
1
Figure 12. Class I Railroads of Louisiana
^Class I railroads are those having more thsul $3,000,000 annual operating 
revenues.
Source: Transportation. (Baton Rouge: Louisiana Department of Commerce
and Industry, undated), p. 5.
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are presented in Table XVI along with in te rs ta te  ra tes  for pulpwood move­
ments among the neighboring s ta te s . Louisiana's ra tes are substan tia lly
<>»
lower than in te rs ta te  ra tes which partially explains the large amount of 
wood moving by ra il.
Table XVI. On Line In tersta te  and In trasta te Rail-Freight Rates for Pulp 
Roundwood, Louisiana, July, 1965
In tersta te  rates In trasta te  rates
Southwestern scale________ Louisiana scale
D istance Dollars Per cord D istance Dollars Der cord
1- 10 1.87 1- 75 1.59
11- 15 2.08 76-100 2.10
16- 30 2.23 101-125 2.65
31- 40 2.58 126-150 3.16
41- 50 2.88 151-175 3.70
51- 70 3.55 176-200 4.22
71- 90 3.55 201-225 4.76
91-110 3.88 226-250 5.25
111-130 4.19 251-275 5.81




Source: Rates quoted by Kansas City Southern Railroad Freight Agent, 
Kansas C ity , Missouri, July, 1965.
W ater
In addition to  highway and ra il transportation , a river basin  
improvement project has been approved that w ill make the Red River
navigable from its  mouth to a point above Shreveport. Although
\
completion of th is  project is  scheduled for some timfe in the future,
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its  completion should greatly benefit any mill located on or near the 
river from the standpoint of transporta tion .
Truck and Rail C osts
it
• Truck and rail hauling co sts  were estim ated from centrally 
located points in  each parish of the study area based on the shortest 
rail and road d istance to C larence, Louisiana in Natchitoches Parish 
and to East Point, Louisiana in Red River Parish . A comparison of truck 
and ra il co sts  of moving wood to the alternative mill s ite s  is  presented 
in Table XVII. These costs assum e that the pulpwood has been loaded 
on a truck designed to carry three cords. An additional 60 cents is  
added to quoted rail ra tes to cover the cost of transferring the wood 
from the truck to the ra il c a r .1 This analysis showed that rail costs 
were lower from most origins to both d es tin a tio n s . The exceptions 
can be seen  in Table XVII.
Assuming a delivered-to-m ill price of $15.50 per cord, a stumpage 
price of $5 .00 , and $5.46 harvesting c o s ts , $5.04 could be spent
1This is  the actual cost incurred by a Louisiana wood yard 
operator. The cost would approximately double if the wood must 
first be off-loaded to  the ground to fetter be loaded on the ra ilcar. 
Normally operators try to hold wood yard inventories to five percent 
of to ta l volume handled. Varying costs  may be observed in yards with 
various b u sin ess  organizations or labor arrangem ents.
Table XVII. Estimated Truck and Rail Hauling Cost from Selected Locations to Two Alternative M ill S ites , 
Northwest Louisiana
















Dollars Dollars Dollars Dollars
per cord M iles per cord per cord M iles per cord
Bienville Bienville 6.35 35.1 5.05 6.35 49.5 7.07
Bossier Benton 3.85 47.0 6.30 3.85 75.3 10.71
Caddo ♦Mooringsport 3 .97 51.6 7.37 3.97 82.5 11.72
Claiborne Homer 6.35 59.8 8.52 6.35 90.7 12.85
DeSoto ♦M ansfield 3.68 43.3 6.20 3.68 45.4 6.50
Jackson Chatham 5.74 61.9 8.82 5.74 68.1 9.69 ’
Lincoln Vienna 5.97 74.2 10.55 5.9.7 66.0 9.40
N atchitoches N atchitoches 5.17 33.4 4.81 5.17 8.0 1.23
Red River ♦Coushatta 2.19 14.4 2.13 2.19 24.7 3.58
Sabine ♦Many 5.17 66.0 9.40 5.17 33.0 4.75
Union Bernice 6.25 83.6 11.87 6.25 96.0 13.62
W ebster ♦Minden 2.19 41.2 5.90 2.70 66.0 9.40
Winn ♦Winnfield 3.76 57.7 8.23 2.70 22.7 3.30
aRail cost based on Louisiana scale  in trasta te  ra tes  quoted by Kansas City Southern rate agent, Kansas 
C ity , M issouri, M arch, 1966. Sixty cents was added to each rate for loading to make truck and ra il 
ra tes  comparable.
♦Actual ra te s , others estim ated by the rate agent.
^Truck co st per cord computed using data from Henry R. Hamilton, Pulpwood Hauling in the Southeast 
(Columbus: Battelle Memorial In stitu te , May, 1962), p . 425.
Per cord driver cost = wage rate (distance + turn around time)
( speed____________________ )_
capacity  of the truck
Where: (1) wage rate = $1.25 per hour;.- (2) speed = 30 MPH; (3) capacity  of truck = 3 cords 
Truck hauling cost = truck cost per cord + driver cost per cord.
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2for transportation . This im plies that wood could move about 35 miles 
by truck before all net returns would be elim inated .
The maximum distance wood can be economically .hauled by rail 
cannot be determined from th is  data since it appears tha t mills pay the 
same price for wood delivered to the mill or f .o .b .  at the woodyard. 
Evidently these  mills absorb the freight charges for wood delivered by
O
ra il. Two possible explanations for th is  behavior are (1) wood can be 
procured from more distant points preserving local supplies for use 
during periods of severe price com petition and (2) to preserve the 
existing ra il system so that pulpwood can be harvested from a wider area 
in the fu tu re .
Procurement of Chem icals
Technological improvement in chem ical recovery and re -u se  at 
modern kraft pulp mills has progressed to  the point tha t chemical 
assem bly costs are not as significant in  plant location decisions as 
they were in the p a s t. Under modern technology about 85 to 90 percent
oHarvesting cost assum ption based  on data presented by 
H. R. Hamilton, R. G . Bowman, J r . , R. W . Gardner and J . J . Grim, 
Phase Report of Factors Affecting Pulpwood Production Cost and 
Technology in the Southeastern United S tates (Columbus: Battelle 
Memorial In s titu te , August, 1961), p . 7 .
^Frank Bennett, Louisiana Timber Resources Survey (Kansas 
C ity; Kansas Southern Railroad, 1965), p . 11.
of the chem icals used in pulp production are recovered in the unbleached 
sulfate p ro cess .^  The use of the bleaching agent, chlorine, depends 
on the degree of b leach , thus, the net use of th is chem ical varies 
considerably. Because of the high efficiency of chem ical recovery 
the importance of the transportation cost of chem icals to the plant 
location decision is  often overshadowed by other considerations, such 
as  cost of wood procurement, water availab ility  and w aste d isposal 
considerations. However, since the costs  do vary between locations 
ra il transportation ra tes are presented in  Tables XVIII and XIX. The 
origins se lec ted  are by no means the only ones available for the 
chem icals lis te d . However, they are sources which appear feasib le  
for the two potential mill s i t e s . Only ra il transportation charges were 
considered since purchase prices are influenced by undetermined com­
petitive forces and may be subject to contractual arrangem ents. At 
present water transportation to the mill s ite s  is  not availab le and, 
due to  the large volume of chem icals involved, truck transport is  
not normally considered as economical as  ra il. These ra tes show 
tha t the Clarence location has a slight advantage over the East Point 
location in assem bling chem icals by ra il. A mill a t either location 
could probably expect a reduction in ra il freight ra tes and, therefore,
■ 1 ■    11 1 ■ ■■■
4
These estim ates were obtained from d iscussions with Herbert 
Berger, representative of the National Council of Stream  Improvement 
of the Pulp, Paper and Paperboard Industries.
Table XVIII. Quoted Rail Rates on Inbound Chemicals from Selected Origins to East Point, Louisiana,
August, 1965a













car car Crude Refined
------ Dollars per to n ----------------------
Arkansas Batesville 3.68 4 .25














M issouri S t. Genevive 9.70








aThese are rates to points where traffic in the commodity is  not yet es tab lished . If a p lant was 
estab lished  and using large quantities of the above chem icals a substan tia l rate reduction could be 
expected.
*The rate was not quoted.
Source: These ra tes were quoted by the rate agent of Kansas City Southern Railroad, New O rleans,
Louisiana.
Table XIX. Quoted Rail Rates on Inbound Chemicals from Selected Points to C larence, Louisiana, August,
1965a













car car Crude Refined
------ Dollars per ton
Arkansas Batesville 3.68 4.25

























aThese are ra tes to points where traffic  in the commodity is  not es tab lished . If a plant was estab lished  
and using large quantities of the above chem icals a substan tia l rate reduction could be expected.
*The ra te  was not quoted.
Source: These ra tes were quoted by the rate agent of Kansas City Southern Railroad, New O rleans,
Louisiana.
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lower ra tes than those shown in Tables XVIII and XIX after traffic in  the 
raw m aterials and finished product has been es tab lish ed .
Labor
The pulp and paper industry is  generally considered as a capital 
in tensive industry . In view of the high investm ent per employee (about 
$70,000), labor may be of secondary importance in the location deci­
s io n .^  However, since consideration is  often given to th is resource, 
some relevant information w ill be presented in th is section .
The pulp paper industry is  w ell developed in some areas of North 
Louisiana. State employment records available for the period 1938- 
1964 are presented in Table XX. These s ta tis t ic s  include a ll firms 
primarily occupied in the manufacture of pulp from wood, the converting 
of pulp into paper and converting paper and paperboard into paper 
products. Employment in paper and allied  products in Louisiana 
averaged about 15,000 for the period 1961 to  1964. Annual average 
employment of pulp and paper mills located in North Louisiana in 1964 
was 8,698 and to ta l wages paid were $58,244,417 and average weekly
C
earnings were $128,.77. These estim ates include salaried  and hourly
^Orville G. M ussey, W ater Requirements of the Pulp and Paper 
Industry (W ashington. D. C .:  United S tates Government Printing 
O ffice, Geological Survey W ater-Supply Paper 1330-A, 1961), p . 51.
C
These calculations were prepared by the reports and analysis 
unit of the Louisiana Division of Employment Security in July 1965.
1 0 5
em ployees, Including adm inistrative, supervisory, non-supervisory, pro­
duction , and non-production personnel.
Table XX. Employment in Paper and Allied Products Industry, Louisiana, 
1938-1964
Year Employment Year Employment
1938 8,650 1952 15,950
1939 8,950 1953 17,100
1940 10,450 1954 16,950
1941 11,550 1955 17,300
1942 12,350 1956 17,650
1943 11,700 1957 17,050
1944 10,750 1958 16,400
1945 11,350 1959 16,700
1946 13,150 1960 16,600
1947 14,250 1961 15,200
1948 15,300 1962 14,600 .
1949 14,000 1963 15,100
1950 15,200 1964 15,200
1951 16,500
Source: These data were prepared by The Research and Analysis Unitiof 
the Louisiana D ivision of Employment Security.
There are no s ta tis tic s  available on pulpwood production employ­
ment. However, pulpwood producers tha t serve existing mills in North 
Louisiana could be expected to provide a base for development of pulp­
wood procurement capability  for new or expanded pulp processing 
fa c i l i t ie s .
Selected population characte ristics of the study area are shown in 
Table XXI. These data show that for the area as  a Whole, population 
increased  10.6 percent from 1950 to 1960, primarily because of the
Table XXI. Population, Change in  Population 1950-60, Percentage of Population in  Selected Age Groups and 




















Bienville 16,726 -1 2 .5 38.3 49.0 12.7 4,794
Bossier 57,622 43.6 42.0 53.2 4 .8 21,308
Caddo 223,859 26.8 38.6 53.3 8.1 85,222
Claiborne 19,407 - 22.6 37.3 49 .6 13.1 6,082
DeSoto 24,248 -  0 .6 41.3 46.4 12.3 7,172
Jackson 15,828 2.6 38.0 51.9 10.0 5,308
Lincoln 28,535 10.7 33.0 58.3 8.6 9,487
N atchitoches 35,653 -  6 .5 39.9 5(0.0 10.1 10,253
Red River 9,978 -1 7 .6 41.2 47.3 11.5 2,727
Sabine 18,564 - 11.1 40.1 48.1 11.8 5,334
Union 17,624 -  7.9 39.5 48.9 11.6 5,116
W ebster 39,701 11.2 39.0 52.1 8.9 13,332
Winn 16,034 -  0 .5 38.0 50.2 11.8 4,592
Total 523,779 10.6 39.5 52.1 8 .4 175,327
Louisiana 3,257,022 21.4 40.4 52.2 7.4 1,092,385
aAlvin L. Bertrand, Louisiana Human Resources. Part I (Baton Rouge: Louisiana State U niversity Agricultural 
Experiment Station Bulletin Number 548, November, 1961), pp. 8 , 9, 18, 19.
^A. Jones and L. Taylor, Louisiana Human Resources. Part II (Baton Rouge: Louisiana State University 
Agricultural Experiment Station Bulletin Number 562, February, 1963), pp. 7, 8 .
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growth of larger c itie s  and tow ns. At the same time predominately rural 
areas were losing population; with lo sses  as high as 22.6 percent.
ii
Roger L. Burford s ta te s , " . . .  Perhaps the most important single factor
explaining an a re a 's  migration pattern is  the sta te  of its  rela tive
7
economic o p p o rtu n ities .. . "  It is  reasonable to assume tha t the migra­
tion from rural areas in North Louisiana is  due to a relative difference 
in economic opportunities as Burford suggests . New industry could 
expect to draw upon the sector of the population that is  looking for 
improved economic opportunity to sa tisfy  a t le a s t part of its  labor require­
ment. The degree with which new industry could draw upon th is labor 
supply would depend partially  on the degree to which they were willing 
to  match the alternative economic opportunities available to prospec­
tive employees and the extent of the desire  of these employees to  
remain in the ir native region.
Considering the capital in tensive nature of the industry , the solid 
base of the existing pulp processing industry , the pulpwood producing 
firms present in the area and the population ch a rac te ris tic s , i t  is  not 
expected tha t new firms would have serious problems satisfying their 
labor requirem ents.
•7
Roger L. Burford, Louisiana Human R esources. Part IV (Baton 
Rouge; Louisiana State U niversity Agricultural Experiment Station 
Bulletin Number 595, May, 1965), p . 4.
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Gas Availability
Because of the abundant supply of natural gas reserves, there is  
no reason to  expect that th is  factor would limit the location of a pulp 
processing facility  in Northwest Louisiana. In recent years , Louisiana 
has ranked second among a ll s ta te s  in existing reserves with nearly one- 
fourth of the to ta l U. S. natural gas supply. A w ell-developed natural 
gas industry is  present in the sta te  with 13 active refineries, and a
g
v as t complex of pipe lin e s . A map of existing gas transm ission lines 
in Louisiana is  shown in Figure 13. This figure shows the location of 
large capacity  lin es  in the vicin ity  of both potential loca tions. In the 
Lake Bistineau area there are transm ission lines ranging from 14 to 24 
inches in diam eter. In the immediate vicinity  of the Black, C lear and
9
Saline Lakes area there are four large lines ranging from 24 to 30 inches. 
C learly , natural gas is  abundant in the v icinity  of both potential s i te s .
Industrial natural gas ra tes are not regulated in Louisiana and 
are determined by contractual arrangement between users and suppliers. 
Actual 1962 net gas ra tes for ten large high load factor Louisiana plants 
are shown in Table XXII. It is  em phasized that ra tes are unregulated 
and negotiable; therefore, rates in Table XXII can only serve to indicate 
prices already contracted by existing firm s.
^Fuel. Power. W ater (Baton Rouge: Louisiana Department of 
Commerce and Industry, undated), p . 2.
^Size of transm ission lines obtained from Oil and Gas Map of 
Louisiana Department of Conservation (July, 1964).
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evepo:
a n d ria
• Batojr^Rouge
F ig u re  13. N a tu ra l Gas T ransm ission  L ines in  L o u is ian a , 1964.
Source: O il and Gas Map o f L o u is ia n a , Departm ent o f  C onservation ,
Ju ly  1964.
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Table XXII. Actual Net Gas Rates for Large High Load Factor Louisiana 
P lan ts , 1962a
Cents per thousand cubic feet
(1) 23.4 (6) 23.0
(2) 22.6 (7) 22.0
(3) 22.0 (8) 24.5
(4) 22.0 (9) 24.5
(5) 24.0 (10) 2405
aFor current estim ating purposes, 2 .5  to  3 .0  cents per thousand cubic 
feet should probably be added to  allow for w ell head price escalation  
and some rate changes.
Source: These data extracted from Hugh Couyhlin, M ill S ite s? Here 
They Are .(Alexandria: Central Louisiana Electric Company, 
1962), pp. 6 -7 .
There is  no evidence to suggest tha t either location would have an 
advantage with respect to natural gas procurement.
E lectrical Power
There are three a lternatives open to  prospective pulp processors 
with respect to e lec trica l power. They can purchase e lectrical power 
from existing power companies or cooperatives, they can produce their 
own e lec trica l power, or they can u se  a combination of purchased 
power and internally  produced power.
M ussey s ta te s , " . . .  most pulp and paper m ills find it economical 
to produce their own e lec tric  power, because of high cost of an
I l l
occasional failure of purchased power*. .  If e lectric  power is  to be 
produced, there is  no evidence substantiating a significant advantage 
to either of the two potential areas. As has already been ind icated , 
there are large quantities of high quality water necessary  for e lec trica l 
power production present in both a re a s .
If e lec trica l power is  purchased, the Louisiana Public Service 
Commission determines the source of supply in disputed c a s e s . This 
Commission makes decisions involving territorial d isputes between power 
companies and cooperatives, among power companies them selves, or 
between cooperatives .• The actual rate charged for e lec trica l power is  
determined by negotiated contract among suppliers and u se rs  and usually  
is  not regulated by the Public Service Commission. However, the 
Commission does have the power to regulate ra tes in c a ses  where the 
need for such regulation is  proven.
There are three power companies providing e lectric ity  in the
i  i •
northwestern part of the s ta te .. These are: Central Louisiana Electric 
Company; Louisiana Power and Light Company; and Southwestern 
Electric Power Company. In addition to these  companies there are 
two cooperatives: Bossier Rural Electric Membership Corporation and 
Valley Electrical Membership Corporation. It is  assum ed that potential 
pulp processors would contact the Louisiana Public Service Commission
■^M ussey, op. c i t . . p . 40.
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to  determine the most feasib le source of e lectrical power. Since terms 
concerning the supply of e lec trica l power are negotiated between 
supplier and u se r, subject to regulation by the aforementioned Commis­
sion , it  must be le ft.to  the locating industry to determine its  most 
advantageous source of e lectrical power. However, to provide a basis 
for estim ating cost of e lec trica l power, a rate schedule is  presented in 
Appendix C a This schedule was filed with the Louisiana Public Service 
Commission by a large e lec trica l supplier for large industrial e lec trica l 
se rv ice .
Existing e lec trica l transm ission lines are shown in Figure 14.
Even if e lec trica l lines are not available a t the immediate location, 
th is  cannot be considered a limiting factor because of the alternative of 
producing e lec trica l power and the general w illingness of e lec trica l 
suppliers to meet the relatively  large demand of pulp processing fac ili­




E x is tin g L ines Under
L ines C o n stru c tio n V oltage
110 KV & over
--------------- —  . — 69 KV
------------------- 46, 3 .45  & 22 KV
10 KV - 13.8 KV
F igure  14. E l e c t r i c a l  T ransm ission  L ines in  N orthw est L o u is ia n a .
S ource: F u e l . Power. W ater. (Baton Rouge: L ou isiana  Department
o f Commerce and In d u s try , u n d a ted ), p . 4 .
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CHAPTER VH
SUMMARY AND IMPLICATIONS 
Summary
Since World War II there has been an extensive sh ift in land use 
from open land farming to 'fo restry  in Northwest Louisiana. This shift 
in land use has resulted  in abundant supplies of pine pulpwood in this 
area of the s ta te . Existing wood processing fac ilitie s  appear inadequate 
to maintain a market a t reasonable prices for pine stum page. Some 
growers cannot se ll the ir pulpwood and, therefore, suffer substantial 
lo sses of revenue. An expanded pulpwood market would help eliminate 
th is loss of revenue. It would a lso  complement sustained  yield manage­
ment practices by furnishing an outlet for the normal harvestings and 
marketings that result when growers follow recommended silv icultural 
p rac tices . An adequate pine pulpwood market would strengthen the 
economy in th is region which is  greatly dependent on its  forest industries 
since it is  a t an absolute disadvantage to  other regions in other types o f  
agricultural production.
The primary purpose of th is  study was to  explore se lec ted  
economic and physical factors that are considered to  be among the 
most important in influencing the location of additional pulp processing 
fac ilities in a 13 parish area of Northwest Louisiana. The factors con­
sidered were (1) supply of pine pulpwood, ( 2) means available for w aste
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d isp o sa l, (3) availab ility  of process w ater, (4) cost of assem bling raw 
m aterials, (5) transportation availab ility , (6) sources of power, and (7) 
labor av a ilab ility . It is  anticipated th a t information of this nature will 
supplement information already available to potential firms and enable 
them to  determine the economic feasib ility  of new or expanded pulp 
processing fac ilitie s  and make accurate location d ec is io n s . Individual 
firms should consider such information in light of the market for their 
products and methods of production.
Pulpwood Supplies
There were 5 ,2 3 2 .3  thousand acres of commercial forest in the study 
area in  1964. This is  an increase of 9 .6  percent since 1954. This in­
crease is  largely due to  the establishm ent of pine plantations on 
abandoned farm land . There are about 36,151 thousand cords of pine 
growing stock in the a rea . This is enough to supply the 1964 pulping 
capacity  of the area , 3,576 tons daily , for more than 15 years .
In 1964 the annual average increase of softwood was 1,621,600 
cords between 1954 and 1964, about enough wood to  supply 2,400 tons 
of additional daily capacity  if  a ll this wood were available for p rocess­
ing.
Approximately 243 thousand acres have been planted to pine trees 
within the study area since 1946. Pine plantations are important 
because of the ir increased  y ield  over natural stands and economies 
that can resu lt because of the density of these stands and normally
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improved access ib ility . The bulk of the pine plantations were planted 
after the la te 19.40's and are now reaching sufficient size for harvesting. 
Throughout the next decade these  plantation stands will measurably 
increase the marketable pulpwood supply.
Coarse residues from various types of wood using industries are an 
important source of pulpwood. Total coarse residues amounted to 
193,242 cord equivalents in 1962, of which about 88 percent were being 
u sed . Presently the pine veneer industry is  expanding rapidly in North­
w est Louisiana. This expansion w ill increase coarse residue production. 
The magnitude of th is increase is  not known. However, i t  will sign i­
ficantly  increase the supply of wood chips su itable for pulp processing.
The excess supply of pulpwood is reflected in  the lower stumpage 
and delivered-^to-mill prices paid for Louisiana pulpwood. Generally, 
Louisiana pulpwood prices are lower than in  other southern s ta te s . 
Pulpwood prices varied to some degree within the sta te  and within the 
study a rea . For the period 1960-1965 stumpage prices averaged about 
$4.57 in Northwest Louisiana and about $4.02 in Central Louisiana.
The same relationship held for f .o .b .  woodyard prices with $15.10 
being paid in Northwest Louisiana and $14.66 in the central part of the 
s ta te . These data indicate a sligh t stumpage price advantage for mill 
locations in the southern part of the study a rea .
Existing pulp processing industries control about 732 thousand 
acres of the commercial forests in the study a rea . This leaves about
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4 .5  million acres of commercial forest which are potential supplies for 
new or expanded capacity / an estim ated 3.15 million acres of which 
are softwood fo re s ts . There appears to be ample acreage available to  
supply additional pulp processing capacity  in the study a rea .
Effluent D isposal
An examination of surface water records indicated tha t the most 
limiting factor is  the absence of streams with characteristics suitable 
for sufficient dilution of the pulp mill effluent. There is only one stream 
within the study area tha t approaches the requirement for a large pulp 
processing fac ility  — the Red River. Although the area is  drained by 
many small stream s , they are either inadequate or highly variable in 
flow characteristics or both.
Data on two proposed locations were submitted to a representa­
tive of the Louisiana Stream Control Commission. One of the proposedf
locations is in  Red River Parish between Lake Bistineau and Red River 
op Loggy Bayou and the other south of Clear Lake a t a location on 
Saline Bayou. This representative determined that effluent d isposal 
requirements of the Louisiana Stream Control Commission could probably 
be met a t either or both of these locations. Based on the analyses of 
th is  study there appears to  be little  advantage to either location with 
respect to  w aste d isp o sa l.
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Process Water
Because of w aste d isposal lim itations, locations which cannot 
discharge waste d irectly  or indirectly into the Red River were eliminated 
from consideration. Thus, the analysis of water availability  was 
narrowed to  include only those areas which met the effluent d isposal 
requirement.
A modern sulfate pulp processing facility  with a 24-hour pulping 
capacity of 500 tons requires from 5 to 35 million gallons of water per 
day depending on the quality  of pulp produced and the  degree of bleach 
and water reuse.,. Part o f  this water must be of a quality  suitable for 
boiler use without excessive treatm ent.
The general low quality , particularly the high mineral content, of 
the Red River restric ts  i ts  use for industrial purposes, and it  appears to 
be unsuited  for most pulping uses without considerable treatm ent.
There are two sources of surface water that meet the quantitative and, 
in general, tlfie qualita tive requirements for pulp process water in the 
vicinity  of Red River. These are Lake Bistineau located in Bossier and 
W ebster Parishes and the Black, Clear and Saline Lake complex in 
Natchitoches Parish . It was found that the level cr stage of these 
lakes would be influenced by the amount of water normally withdrawn 
by a 500-ton mill only during periods of extreme drought, and then only 
slightly . Since the use of both of these lakes is regulated by commis­
sions (the Lake Bistineau Game and Fish Commission regulates Lake
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Bistineau and the Northwest Louisiana Game and Fish Commission 
regulates the use of the other lake complex) approval of the appropriate 
commission would be required to develop these  sources as water supp lies. 
There is  no evidence of a significant locational advantage for either the 
Bistineau or C lear Lake a re a . There are sources of subsurface water of 
varying quantities and qualities in  both a rea s . There is  a possib ility  
of developing water from subsurface sources. However, data are inade­
quate for comparing, the two areas largely because th ese  sources are 
undeveloped. Extensive testing  would be required before firm conclu­
sions could be draw n. However, it  appears th a t there are adequate 
sources of process water w ith little  advantage a t either location.
Transportation
Northwest Louisiana has both a highway system and a railroad 
network which can sa tisfy  transportation requirements of potential pulp 
processing fa c i l i t ie s . Large quantities of pulpwood move over existing 
railroads in Louisiana because of the uniform service provided and 
favorable pulpwood freight ra te s . Louisiana's rates are substantially  
lower than in te rs ta te  rates among neighboring s ta te s .
Truck and rail hauling costs were tabulated  from centrally 
located points in each  parish of the study a rea . These costs were 
based on the shortest rail and road d istance to  C larence, Louisiana 
near C lear Lake in N atchitoches Parish and to East Point, Louisiana 
in Red River Parish near Lake Bistineau. This comparison showed that
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ra il costs were considerably l e s s ,  from most origins to both destinations, 
than trucking c o s ts .
Technological improvement in chem ical recovery has developed to 
the point tha t the importance o f the assem bly cost of chem icals has 
decreased sign ifican tly . P rices of chem icals were not determined in 
th is  study. They are influenced by undetermined competitive forces and 
subject to  contractual arrangement, therefore, transportation charges only 
were investiga ted . Rail transportation was th e  only method considered 
because of the unavailability o f  water transportation to the mill s ites  
at the present time and because truck transport is normally not con­
sidered as economical a s  rail fo r large shipments of raw m ateria ls .
A comparison of transportation charges between Clarence and East Point 
locations shows a sligh t advantage to  the southern location for most 
chemicals because it  is  somewhat nearer to th e  probable sources of 
supply of most of these chem icals. The magnitude of th is advantage 
would depend on the chem icals purchased and the amount and source of 
the chem icals. If for some reason the firm purchasing the chemicals 
would purchase the bulk of its supply frpm Texas in lieu of the southern 
part of Louisiana, the transportation advantage of the Clarence location 
would d isappear.
Labor
The Louisiana pulp and paper industry employs about 15,000 
people. In Northwest Louisiana, pulp and paper employment was
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8,698 people with an  average per cap ita  weekly earning of $128.77. 
Included in  these figures are salaried  and hourly em ployees, including 
adm inistrative, supervisory, non-supervisory, production, and non­
production personnel. Although s ta tis t ic s  are not available on pulpwood 
production employment, pulpwood producers that serve existing  mills 
could , be [expected: to : provide . a base for development of the pulpwood 
procurement capability  for new processing firm s.
Rural areas in  Northwest Louisiana are losing population to areas 
of better economic a lte rn a tiv es . New industry could draw upon this 
sector of the population which is  seeking employment for its  labor fo rce .
Power Availability
Natural gas is  abundant in both the Clarence and East Point a re a s . 
Gas rates are contracted and not d irectly  regulated . Actual net gas 
ra tes for large users ranged from about 22 to  24.5 cents per thousand 
cubic feet prior to 1962. It is  expected th a t slightly higher ra te s  would 
prevail a t the present tim e.
Although e lec trica l power is  availab le  in the proximity of both 
locations, pulp and paper mills often find i t  economical to  produce 
their own e lec trica l power. The presence of an adequate supply of 
natural gas and high quality  water a t both s ite s  insures prospective 
firms the alternative of generating their own power. Also in view of 
th is  alternative there is  no apparent advantage to either the East Point 
or Clarence location with respect to  e lec trica l power* Even if  e lec tric a l
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lines were not available a t the immediate location , th is  cannot be con­
sidered as/.critical because of the w illingness of electrical power 
suppliers to  meet relatively  large demand of such processing fac ilities  
and the alternative of producing e lectrical power.
Im plications
Based on factors considered in  th is  study, there are two general 
areas in Northwest Louisiana tha t appear to be feasib le  locations for 
full-b£&ach su lfate pulp processing fac ilitie s  with 24-hour capacities 
of 500 tons each of 850 tons each of unbleached pulp capac ity . One 
area is  near Lake Bistineau in the vicinity of East Point, Louisiana and 
the other, near the  Black, Clear* and Saline Lakes complex near 
C larence, Louisiana. Both of these  areas po ssess  the physical 
characteristics generally considered essen tia l for sulfate pulp produc­
tion . Namely th ese  characteristics are: supply of pulpwood, suitable 
process w ater, means of w aste d isposal, adequate means of transporta­
tion and available power.
The two areas are quite sim ilar in their physical ch a rac te ris tic s . 
They are near the Red River, in the proximity of man-made la k es , near 
large acreages of softwood forest, and both have ra il and highway 
transportation fac ilities  as  well as large natural gas transm ission lines 
present in the immediate v ic in ity . Also, e lec trica l transm ission lines 
are not too far removed from any potential s ite .
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The apparent differences between the two areas shown by this 
study, are a slight advantage in the transportation of chem icals to the 
Clarence location and generally lower stumpage p rice s , roughly 50 cents 
per cord, a lso  in  favor of the southern location.
The sligh t advantages exhibited by the southern location could 
easily  be overshadowed by factors outside the scope of this study . From 
a practical point of view there appears little  reason for attributing any 
significant advantage to either of the two a re a s .
Annual growth of pine forests in the area exceeded annual harvest 
enough to support a 24-hour capacity of 2,400 tons of pulp. Based on 
th is estim ate, and assuming tha t the greater amount of th is  wood could 
be processed, there appears to be adequate supplies of raw material to 
support a 500-ton mill at both locations with ample latitude for expansion 
at both s i t e s .
The primary significance to timber producers of a  mill a t either of 
these  locations would be an improvement in the pulpwood market, 
especially  in th e  vicinity of the location . If i t  provided an outlet for 
pulpwood for which there is  no existing market, it would be of profound 
importance to  the  wood growers concerned. It could help  improve timber 
management programs by providing a market for the normal harvestings ... 
and m arketings, allowing growers to carry out sustained  yield programs 
and other management programs for most profitable re su lts . The sale  of 
wood which at present cannot be marketed would be the  major effect
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because the addition of one or two mills with a 500 ton daily pulping 
capacity  would s till allow a ll firms purchasing wood in  the area to 
avoid excess price competition for pulpwood supplies by adjusting 
their wood procurement patterns. It is  logical to  assum e that existing 
firms would harvest increased  amounts of pulpwood from pulp processing 
company controlled lands and reduce the amount of wood purchased on 
the open m arket. In the shortrun th is  would allow pulp processing firms 
to avoid any increased  competition on the open market. In the longru\n 
these  firms could be expected to a lter these  methods of procurement to 
reduce stumpage price competition as much as p o ssib le , and they may 
succeed as long as there are ample supplies of wood present and the 
mills remain reasonably w ell scattered  about the study area .
The establishm ent of two 500 ton pulp mills could be expected to 
furnish about 2,400 jobs directly connected with the fa c ility . '1' In 
addition there would be an increase in employment in service occupa­
tions necessary  to support the additional economic and socia l activity  
asso c ia ted  with industrial expansion. An increase in employment and 
expenditures of the magnitude which would resu lt from a mill of this 
s ize  would have a substan tia l influence on the communities around 
either of these  areas .
*This figure is obtained by dividing the existing pulping capacity 
in North Louisiana by the number of persons employed in  1964 and 
multiplying th is figure by the daily capacity  of the proposed fa c i li t ie s .
During recent years the su lfate pulping industry has been expanding 
at a very rapid ra te . Today the industry is  operating at near capacity and 
capacity expansion is occurring in many a rea s . The resu lts of th is study 
indicate that Northwest Louisiana can support at leas t 1,000 tons of 
additional full-bleach pulping cap ac ity . '  There is  ample wood for more 
capacity , however, the lim its for expansion w ill likely be set by w aste 
d isposal lim ita tions. Additional research is  needed on the exact influence 
of the pulp mill effluent on the Red Rivor before expansion is  made above 
the 1,000 to n s . These resu lts  appear quite significant in  view of p re­
dictions for future industry growth resulting from an ever increasing 
demand for paper and paper products.
Suggested Areas for Further Study
In reviewing the techn ical literature concerning the process water 
requirements for the manufacture of pulp and paper, it w as observed 
that there w ere, in p ractice , many examples of pulp processing fac ili­
tie s  operating under conditions w ell below the stated  engineering require­
ments . It appears that firms are w illing to bear the extra maintenance 
cost on the ir equipment or the treatm ent costs  of using lower quality 
water in an effort to take advantage of economies from other sources. 
Information is  needed to  determine the extent to which lower quality 
water can be economically tised. For exam ple, information is needed 
that w ill answer questions such a s  how low must stumpage prices fall 
before a firm could bear the  cost and inconvenience of extensive water
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treatm ent and, or cost of maintai'niing equipment damanged by using low 
quality w ater? There are areas with large supplies of softwood that 
are not being u sed , in part, because of the lack of an adequate 
quantity or quality of process w ater or means of w aste d isposal.
A study of institu tional influences on the economies of the pulp 
and paper industry in Louisiana might provide a basis for changes which 
could lead to economies that would benefit bothlthe industry and the s ta te . 
One area for consideration might be the impact of workman's compensa­
tion sta tu tes on the efficiency of pulpwood procurement.
This study concerned only the northwestern part of the s ta te . 
Possibly sim ilar problems ex ist in other areas of the s ta te  and informa­
tion of the nature contained in th is study could be of value in solving 
sim ilar problems in other a re a s .
Recently the pine veneer industry has developed significantly in 
North Louisiana. In some respects th is  industry w ill compete with the 
pulp industry for the ir wood supp lies . However, in some re sp ec ts , th is 
industry is  a lso  complementary to the pulp industry because it  produces 
large amounts of residues which it se lls  to pulp processing firms when 
p o ssib le . The veneer industry uses some wood of the same size  that 
is  being processed by the pulp industry , however, it  uses large amounts
1
of larger s ize  tim ber. The exact impact of th is industry is  not c lear. 
Research is  needed to determine its  relationship  to the pulp industry 
and other wood using in d u strie s .
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Appendix Table 1. Land Area and Commercial Forest Acreage and
Percentage for Thirteen Louisiana P arish es , 1964
Parish All land Commercial forests
Thousand" a c re s -  ^ --------- (Percent)
Bienville 526.1 437.4 83.1
Bossier 537.0 414.0 77.1
Caddo 568.3 352.8 62.1
Claiborne 490.2 365.8 74 . 6 -
DeSoto 570.9 428.4 75.0
Jackson 373.1 335.0 89.8
Lincoln 300.2 218.4 72.8
Natchitoches 827.5 616.0 74.4
Red River 264.3 174.0 65 .8
Sabine 658.6 540.0 82.0
Union 579.9 487.7 84.4
W ebster 397.4 295.8 74.4
Winn 607.3 567.0 93 .*4
Total 6 ,700 .8 5 ,232 .3 78.1
Source: Herbert S . S ternitzke, Loui siana Fore st s (New O rleans: U . S .
Department of Agriculture/ Southern Forest Experiment S tation/
U . S . Forest,'Service Resource Bulletin S O -7 , 1965), P. 27.
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Appendix Table 2 . Land Area and Commercial Forests for Thirteen
North Louisiana P arishes , 1954.
Parish All land Commercial forests
Thousand a c re s ------------ (Percent)
Bienville 528.6 376.5 71.2
Bossier 538.2 351.9 65.4
Caddo 870.2 290.3 50 .9
Claiborne 490.2 294.6 60.1
DeSoto 571.6 359.8 62.9
Jackson 373.1 311.1 83 .4
Lincoln 300.2 179.2 59.7
N atchitoches 830.0 623.4 75.1
Red River ^64 .3 141.5 53.5
Sabine 658.6 556.6 84.5
Union 579.9 462.8 79.8
W ebster 400.6 262.5 65.5
Winn 608.0 562.8 92.6
Total 6 ,713 .5 4 ,7 7 3 .0 7.1.1
Source: Forests of L ouisiana, 1953-54 (New O rleans: U. S . D epart­
ment of Agriculture, Southern Forest Experiment S tation,
Forest Survey Release 75, 1955), P. 31.
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Appendix Table 3 . Timber Growing Stock Volume by Specie Group for











Bossier 2,949 1,888 1,852 36 1,061
Caddo 1,993 968 956 12 1,025
Claiborne 2,877 2,147 2,140 7 730
DeSoto 4,523 3,225 3,034 191 1,298
Jackson 4,803 3,215 3,212. 3 1,588
Lincoln 1,234 764 761 3 470
N atchitoches 6,906 4,417 4,336 81 2,489 •
Red River 1,516 668 663 5 848
Sabine 7,944 5,271 5,176...... 95 2,673
Union 5,387 3,079 2,910 169 2,308
W ebster 2,361 1,553 1,506 47 808
W inn 9,494 6,343 6,080 263 3,151
Total 56,536 37,094 36,151 943 19,442
Source:. Herbert S . S tern itzke, Louisiana Forests (New Orleans: U . S .
Department of Agriculture, Southern Forest Experiment S tation,
Forest Resource Bulletin So-7 , 1965), P . 28.
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Appendix Table 4 . All Industrial Roundwood Production Except Pulpwood




Bienville 5 ,018,000 66,907




Jackson 5,659 ,000 75,453
Lincoln 1,259,000 16,787
Natchitoches 4 ,499 ,000 59,987
Red River 2,353,000 31,373
Sabine 11,006,000 146,747
Union 9,859 ,000 131,453
W ebster 2 ,665,000 35,533
Winn 12,760,000 170,133
Total 796,493
Source: Joe F. Christopher, and Erin R, Gunter, Louisiana Forest
S ta tis t ic s . 1962 (New O rleans: U . S . Department of A griculture, 
Southern Forest Experiment S tation, Forest Service Resource 
Bulletin No*. SO-2 , 1963), P. 8 .
Appendix Table 5 . Acreage Planted and Seeded to 'T rees and-Perlod
Planted for Thirteen P a rish es , 1921-1965
Period
Parish________  estab lished________ Plantations_____ Direct seeded
 -Number of a c re s ---------






1961-1965 4-, 139 0
Total 32,241 36
Total, planted and seeded 3?,277





Total, planted and seeded 7,357




Total 8 ,6 7 4  o'
Total, planted and seeded 8,674







Total, planted and seeded 29,560
(Continued)
Appendix Table 5 . (Continued)
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Period











Total, planted and seeded 9,308
















1956-1960 12,472 - 0
1961-1965 2,468 0
Total 17,530 0
Total, planted and seeded 17,530
(Continued)
Appendix Table 5. (Continued)
Period
Parish_____________ estab lished__________Plantations Direct seeded
------------ Number of ac res----------








Total, planted and seeded 31,401







Total, planted and seeded - 6,528
Sabine-.. 1926"t1930 25. 0
1941-1945 159 0





Total, planted and seeded 32,848






Total, planted and seeded 17,597
(Continued)




estab lished Plantations D irect seeded







Total, planted and seeded 14,121






Total, planted and seeded 23,266 .
Louisiana 1946-1950 62,037 0
/' 1951-1955 141,049 6,494
1956-1960 432,616 125,291
1961-1965 144,338 41 ,263 ,
Total 866,216 173,349
Total, planted and seeded 1*039,565
*A11 but 2,135 acres of acreages in the  to ta l acreages in the selected  
parishes is  composed of pine sp e c ie s .
Source: Unpublished data collected by the Louisiana Forestry 
Commission.
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Appendix Table 6 . Highway Mileage M aintained by the Louisiana









M ile s ------i
Bienville -4:^32 316.02 _ 5.48 20.05 345.87
Bossier 0.00 235.34 - }9.30 - 254.64
Caddo S. 84 271.08 - 77.60 6.53 361.05
Claiborne 0 .OO 277.63 8.07 . - 285.70
DeSoto 19.75 234.61 r \ 27.9 7 - 282.33
Jackson 3.90 201.95 - 3.35 - 214.20
Lincoln 4.99 260.10 - 0.44 ■ 27.36 292.89
Natchitoches 43.57 348r,20 - 19.17 - 410.94
Red River 0.00 171.21 - 7.56 - 178.77
Sabine 32.73 210.15 - 7 .10 - 249.98
Union 0.00 256.58 - 1.94 - 258.52
W ebster 0.00 211.32 - 6.87 12.96 231.15
Winn 35.63 292.89 - 2.84 - 331.36
Total 155.73 3,287.08 - 187.69 66.90 3 ,697.40
Source: Unpublished report by Louisiana Department of Highways 
M aintenance and Construction Section, June, 1965.
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Appendix Table 7 . Locally M aintained Rural Road M ileage by Surface
Type, for Thirteen Louisiana P arishes , as of 
December, 1964
Parish B C D-E G -H -I JK.\ . Total
Bienville 4 .5 204.9 320.7 50.5 mm 580.6
Bossier 1.7 77.6 292.1 146.6 1.3 519.3
Caddo 19.4 161.9 109.9 302.4 3.2 596.8
Claiborne - 299.0 363.5 119.7 - 782.2
DeSoto 12.3 372.8 211.4 37.5 0.4 634.4
Jackson 4 .7 187.1 237.6 11.3 - 440.7
Lincoln - 8 .6 275.9 139.3 - 423.8
N atchitoches 22.9 353.8 411.4 55.6 0.3 844.0
Red River 2.1 63.9 170.5 34.1 - 270.6
Sabine - 444.2 323.6 26.1 - 793.9
Union - 289.0 554.9 82.1 - 926.0
W ebster - 66.6 208.7 239.7 2.1 517.1
Winn 4 .1 309.9 386.8 20.4 — 721.2
Total 71.7 2 ,839 .3 3 ,8 6 7 .0 1,265.3 7.3 8 ,0 5 0 .6
Surface type designations 
Type D escription Type D escription
B Unimproved earth G Mixed bituminous ;
C Graded and drained earth H Bituminous penetration
D Stabilized surfaces I Bituminous, concre te
sheet asphalt
E G ravel, s h e ll , iron o re , e tc . J Concrete
. K Block
Source: Unpublished report by the Louisiana Department of Highways 
Traffic and Planning Section , December, 1964.
APPENDIX B
143
Proposal for the Discharge of Kraft Pulp Mill W aste 
into Loggy Bayou Submitted to  a Representative 
of the Louisiana Stream Control Commission
Location of establishm ent producing w astes: Town East Point______
Parish Red River S ec. 13 Twp. 14 N R. 10 W_______
Vicinity of Community of Loggy Bavou________________________________
Type of establishm ent Bleached Kraft Pulp and Paper Mill_________
(cannery, o il refinery, dairy, sewage p lan t, e tc .)
Products: Bleached and unbleached kraft wood pulp (paper ultimately)
Processes used which produce industrial w astes discharged into w aters
of the S tate: Kraft cooking-w ashing-bleaching and auxiliary system s.
The mill w ill include e lec trosta tic  p recip itators, evaporators, and a
black liquor recovery furnace for minimizing liquor lo sses (paper making
process u ltim ately).______ .
Source of w ater supply:
Boiler feed w ater Lake Bistlneau (.5 MGD initially  and 1.0 MGD
ultim ately).__________________________________________________________
Processing w ater Lake Bistlneau 05 MGD in itia lly  and 70 MGD
ultim ately).__________________________________________________________
Drinking w ater Lake Bistlneau (D.01 MGD Initially  and 0.03 MGD
ultim ately). ____________________________________________ __________
Give quantity used in gallons per day in  each c a s e . Give 
quality  of w ater, whether fresh , b rack ish , or s a lt ,  whether 
hard or so f t. If w ater obtained from w e ll, give depth of 
w ell, diam eter, and s ta te  whether pumping or flowing.
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INDUSTRIAL WASTES NORMALLY PRODUCED
Kind (process source): Bleached kraft pulp and paper mill w aste______
C haracteristics (Show a ll pertinent properties of a truly representative 
sam ple, or appropriate average values of normal ranges of v a lu e s .):
C olor__________650_________
Volatile suspended 
solids________  170-340 ppm
Fixed suspended 
solids__________30- 60 ppm




Oxygen consumed (from 
permanganate) App. 1000 ppm
Biochemical oxygen demand:
Immediate (15 min.) 20 ppm
5-day 27.500 lb s/dav
Other______ -____________
Other pertinent physical and chem ical properties ( e . g . , odor and con­
centration or occurrence of known components which may be harmful):
Odor: Mild kraft odo r____________________________________________
Color -  dark color at high concentration_____________________________
Toxicity data (Show concisely  the nature and resu lts  of any te s ts  or 
evaluations of the toxicity  of the w aste  to fish or other an im als.):
Possible danger to  fish and other aquatic life  at concentration where
the dilution rate is  le ss  than  20: 1 ._____________   ;________
Tem perature_________ 100-120° F.
Turbidity 400 ppm
Suspended solids 200-400 ppm
D issolved solids 1200-2000 ppm
Total alkalin ity 180 ppm
or
Total aciditv —
.Total, .hardness 115 ppm
Chlorides (as C1-) 450 ppm
Sulfates (as SO^-) 180 ppm
pH 6 .0-rlO.O avq. 7.5
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Method used to measure rate of flow:_______ to be determined_________
How w aste reaches S tate w aters (check appropriate words): Directly ;
By ditch ; By private sewer X ; By public sewer By farm 
drains ; Through d isposal w ell .
W aste flows into: (1) Loggy Bavou (2) thence into Red River
(3) thence in to ____________ (name of stream , lake , marsh or under­
ground horizon receiving the w as te ) .
DISPOSAL AND TREATMENT METHODS
D isposal methods and fac ilitie s : (general) W aste would be discharged
into stream in  metered amounts after receiving w aste treatm ent as_____
indicated below .______________ _______________ ______________________
Treatment methods in  operation: Primary w aste  treatm ent employing 
clarifier for removal of suspended so lid s . Impounding fac ilities  to hold
90 dav accumulation of w aste  w ater from th e  black..liquQLto_enable--------
plant operation at periods of low stream flow . Other treatm ent facilities
for w aste  th a t might be necessary  on a ll streams:* (1) M echanical_____
Aeration (2) Controlled Discharge____________ -
*Thls does not include the M ississipp i and Atchafalava Rivers at 
the present tim e.___________________________________________________ _
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Control methods and te s ts  ( e .g . ,  indicate control te s ts  on w astes and 
receiving stream s, toxicity  te s ts ;  alarm or signaling d ev ices , etc*);
1. Frequent measurement of soda, suspended so lid s , and BOD content 
of w aste  leaving the m ill.________________________________________
2. Periodic examination of receiving stream for determining mixing.
3. PH recorded on w aste outlet to  indicate high mill lo sses  and pro­
vide data on pH range.___________________________________________
Remarks: W aste could be discharged into Loggy Bayou approximately 
one mile up-stream  in Loggy Bavou from Red River.___________________
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Proposal for the D ischarge of Kraft Pulp M ill W aste 
into Saline Bayou Submitted to a Representative 
of the Louisiana Stream Control Commission
i.
Location of establishm ent producing w astes: Town Clarence________
Parish N atchitoches S ec. Vicinity of 62 Twp. T 3  N R. 6 W
Vicinity C larence. La. on Saline Bavou and Highway U .S . 71__________
Type of establishm ent Bleached Kraft Pulp and Paper Mill__________
(cannery, o il refinery, dairy, sewage p lan t, e tc .)
Products: Bleached and unbleached kraft wood pulp (paper ultimately)
P rocesses used which produce industrial w astes discharged into w aters
of the S tate: Kraft cooking-w ashing-bleaching and auxiliary system .
The mill w ill include e lec tro sta tic  p recip ita to rs. evaporators, and a
black liquor recovery furnace for minimizing liquor lo sses  (paper making
process u ltim ately).__________________________________________________
Source of w ater supply:
Boiler feed w ater Black. C lear and Saline Lake complex (.5 MGD
in itia lly  and 1.0 MGD ultim ately). ' __________________________
Processing w ater Black. C lear and Saline Lake complex (35 MGD
in itia lly  and 70 MGD ultim ately)._____________________________________
Drinking w ater Black. C lear and Saline Lake complex (0.01 MGD
in itia lly  and 0.03 MGD ultim ately).___________________________________
Give quantity used in gallons per day in each c a se . Give 
quality  of w ater, whether fresh , brackish , or s a lt , whether 
hard or so ft. If w ater obtained from w ell, give depth of 
w e ll, diam eter, and sta te  whether pumping or flowing.
INDUSTRIAL WASTES NORMALLY PRODUCED
Kind (process source): Bleached kraft pulp and paper mill w aste
C haracteristics (Show a ll pertinent properties of a truly representative 
sam ple, or appropriate average values or normal ranges of v a lu e s .) :.
Temperature__________ 100-120° F. Color_________650
Turbiditv 400 DDm Volatile suspended
SusDended solids 200 -400 DDm
solids 170-340 DDm
Dissolved solids J^OO-2000 DDm
Fixed suspended
solids 30-60 DDm




Total hardness 115 DDm
Fixed dissolved
solids 460-780 DDm
Chlorides (as C1-) 450 DDm Oxygen consumed (from
Sulfates (as SO>t=) 180 DDm
Dermanqanate) Add  . 1000 DDm
dH 6 .0 -1 0 .0  ava. 7.5
Biochemical oxygen demand:
Immediate (15 min.) 20 DDm
5-dav 27.500 lbs/dav
Other
Other pertinent physical and chem ical properties ( e .g . , odor and 
concentration or occurrence of known components which may be harmful)
- Odor: Milk kraft odor________________:______________________ ,_______
Color -  dark color at high concentration_____________________________
Toxicity data (Show concisely  the nature and resu lts of any te s ts  or 
evaluations of the toxicity  of the w aste  to  fish or other an im als.):
Possible danger to  fish and other aquatic life  at concentration where
the dilution rate is  le s s  than 20: 1.
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Method used to measure rate of flow:______to be determined___________
How w aste reaches S tate w aters (check appropriate words): Directly ;
By ditch ; By private sewer X : By public sewer ; By farm drains
 ; Through d isposal w e l l  .
W aste flows into: (1) Saline Bavou (2) thence in to Red River
(3) thence in to _______________(name of stream , lake , marsh or under­
ground horizon receiving the w aste ) .
DISPOSAL AND TREATMENT METHODS
i
D isposal methods and fac ilitie s : (general) W aste would be discharged
\
into stream in metered amounts after receiving w aste treatm ent as_____
indicated below . 1 ________
Treatment methods in  operation: Primary w aste  treatm ent employing 
clarifler for removal of suspended so lid s . Impounding fac ilities  to  hold 
90 day accumulation of black liguor to  enable plant operation at periods 
of low stream flow . Other treatm ent fac ilitie s  tha t might be necessary 
on a ll stream s:* (1) M echanical Aeration (2) Controlled D ischarge
1
 This does not include the M ississipp i and Atchafalava Rivers at
the present tim e.
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Control methods and te s ts  ( e .g . ,  indicate control te s ts  on w astes and 
receiving stream s, toxicity  te s ts ; alarm or signaling dev ices, e tc .) ;
1. Frequent measurement of so d a . suspended so lid s . and BOD content 
of w aste leaving the m ill. ______________________________________
2. Periodic examination of receiving stream for determining mixing.
3. PH recorder on w aste  outlet to  indicate high mill lo sse s  and pro­
vide data on p H range.__________________________________________
Remarks: W aste would be discharged into Saline Bavou in the vicinity
2l.HlqhW^Y.VtS.i.l7,l .T _ ___________________________
APPENDIX C
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Rate Schedule for Large Industrial Electric Service
A vailability . Service under th is  schedule is  available at any point 
on the Company's electric  system  where fac ilities  of adequate 
capacity  and suitable phase and voltage are adjacent to  the premises 
to  be served.
Application. This schedule is  applicable to service furnished to 
large industria l in sta lla tions for a ll power and lighting purposes. 
Service w ill be supplied at one point of delivery, measured through 
one meter and shall not be shared or resold .
Customer must contract for service under terms of Company's 
standard Agreement for Electric Service. - • •
Type of Service. Three phase alternating current at available 
voltage of 34,500 volts or higher. At Company's option, however, 
service may be delivered at;a  lower voltage, subject to  payment of 
a monthly Facilities Charge as hereinafter provided.
Net Monthly R ate.
Demand Charge
First 2,500 KW of Demand or le s s  for $6 ,000 .00
All additional KW of Demand @ $1 .70  per KW
Energy Charge
F acilities Charge
When service is  delivered at a voltage lower than 34,500 v o lts , 
there shall be added to  each monthly b ill for service an amount 
equal to  $350.00 plus $0.06 per KW of Contract power.
First
All additional
1,000,000 KWH @ 0.58$ per KWH 
KWH @0. 36$  per KWH
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Fuel Cost Adjustment
There shall be added to  or deducted from each monthly bill 
for service an amount computed at the rate of 0.00105 cent 
per KWH used hereunder for each 0.00100 cent by which 
the average cost of fuel used by Company's electric  
generating sta tions during the 12 month period ending with 
the second preceding calendar month exceeds or is  le ss  
than 0.23000 cent per net KWH generated.
Tax Adjustment
There shall be added to  each monthly bill for service the 
proportionate part of any new tax  or increased rate of ta x , 
or governmental imposition (except s ta te , parish , city and 
sp ec ia l d istric t and valorem taxes and any income taxes) 
lev ied  or a s se sse d  against the Company or upon its  e lectric  
b u s in e ss , as  the resu lt of any new or amended laws tha t 
may become effective and operative after January 1, 1965.
Net Monthly B ill. The monthly b ill for service sha ll be equal to
the sum of the Demand Charge plus the Energy Charge plus any
applicable Fuel Cost Adjustment and Tax Adjustment.
Demand. The Demand for billing purposes shall be the highest
amount computed in accordance with any of the following provisions:
(1) The highest average 15 minute peak KW demand, plus
10% of the amount by which the average hourly peak 
reaction KVA demand exceeds 50% of the KW demand, 
estab lished  during the current month.
(2) 75% of.the highest billing demand, determined in 
accordance w ith (1) above, estab lished  during the 
12 month period ending w ith the current month.
(3) 75% of the Contract Power as provided in the Agreement 
for Electric Service.
(4) 2,500 KW.
Service Period. As specified  in the Agreement for Electric Service
but not le s s  than five y ea rs .
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